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Foreword 


The  purpose  of  this  report  is  to  document  the  development  of  a second  genera- 
tion atmospheric  sampling  control  and  data  acquisition  system  (SCADS)  for  the 
! Energy  Research  and  Development  Administration  high-altitude,  balloon-borne 

monitoring  program.  The  instrumentation  is  documented  in  Project  Ash  Can 
Atmospheric  Sampling  Handbook.  Volume  II:  Instrumentation,  SCADS-2.  It  should 
be  noted  that  during  system  development  two  agencies  involved  changed  names. 

Air  Force  Cambridge  Research  Laboratories  (AFCRL)  became  Air  Force  Geophysics 
Laboratory  (AFGL)  and  the  Atomic  Energy  Commission  (AEC)  became  first  the 
Energy  Research  and  Development  Administration  (ERDA)  and  then  the  Department 

of  Energy  (DOE). 
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L. 


About  the  Development  of  a Second  Generation  Atmospheric 
Sampler  Control  and  Data  System:  SCADS -2 


1.  INTRODUCTION 
1.1  History 

Air  Force  Cambridge  Research  Laboratories,  (AFCRL)  investigates  the  inter- 
face between  geophysical  science  and  Air  Force  operational  requirements.  Some 
upper  atmosphere  experiments  are  conducted  via  balloon-borne  platforms.  In  197  1, 
AFCRL  assumed  operational  responsibility  from  the  Military  Airlift  Command  (MAC) 
for  the  atmospheric  sampling  program.  Project  Ash  Can.  Equipment  used  in 
routine  sampling  missions  was  transferred  from  Detachment  31,  6th  Weather  Wing 
(MAC)  to  Detachment  1,  AFCRL  (AFSC)  at  Holloman  AFB,  New  Mexico.  The  equip- 
ment was  functional,  and  since  key  personnel  transferred  to  Det  1,  operations  con- 
tinued with  an  acceptable  success  rate.  However,  because  project  equipment  had 
been  designed  or  fabricated  in  the  1950's  time  frame,  the  funding  agency,  the 
Atomic  Energy  Commission  (AEC)  and  its  technical  advisor  organization,  the 
National  Oceanic  and  Atmospheric  Administration  (NOAA),  requested  that  AFCRL 
design  a second  generation  instrumentation  system  using  the  existing  samplers  and 
sensors. * 


(Received  for  publication  14  March  197  8) 

1.  Cordelia,  R.  H.  , Jr.,  Capt  (1974)  A control  and  telemetry  system  for  a balloon- 
borne  air  sampling  package.  Proceedings,  Eighth  AFCRL  Scientific  Balloon 
Symposium,  30  September  to  3 October  l§74,  AfrCRL-T,R -74-0393.  pp451-476. 


1.2  Theoretical  Flight  System 


The  system  is  depicted  in  Figure  1.  This  model  benefits  from  insight  gained 
during  system  development  and  includes  desirable  features  not  obvious  from  the  be- 
ginning. It  is  a good  starting  place  because  it  does  apply  to  the  original  system 
and  all  developmental  stages. 


1.2.1  INSTRUMENTATION 

The  flight  instrumentation  is  easily  segmented  into  five  subsystems  associated 
with  control,  radio  commands,  altitude  sensors,  data,  recorders,  and  transmitters. 
All  controlling  functions  for  the  balloon  and  samplers  either  originate  in  the  con- 
troller from  internal  time  and  altitude  references,  or  pass  through  the  controller  if 
originated  by  a radio  command.  Some  control  functions  are  duplicated  to  provide 
flight  safety.  The  command  receivers  are  devices  which,  upon  receipt  of  the  proper 
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coded  radio  signal  issued  from  the  ground  station,  generate  switch  closures  that 
force  certain  events  to  occur.  Altitude  sensors  are  electro-mechanical  pressure 
sensors  that  are  calibrated  for  altitude  vs  standard  atmospheric  pressure.  They 
generate  electrical  signals  which  are  transmitted  to  the  ground  station  and  provide 
information  needed  for  flight  control.  The  data  subsystem  acquires  signals  from 
the  sensors,  and  processes  them  for  recording  and  transmission.  The  transmitter 
radiates  UHF  or  HF  energy  to  move  the  various  data  to  the  ground  station;  the 
homing  beacon  provides  a means  to  help  an  aircraft  locate  the  instrumentation 
package. 

1.2.2  ENERGY  STORAGE 

Batteries  and  compressed  nitrogen  serve  as  energy  reservoirs  for  the  instru- 
ments and  samplers. 

1.2.3  CONTROL  DEVICES 

Various  devices  must  be  activated  to  achieve  mission  objectives,  that  is,  ob- 
tain samples  and  the  required  support  data.  These  devices  include:  a helium  gas 
release  valve,  a ballast  valve,  and  electromechanical  devices  to  activate  and  de- 
activate samplers.  At  the  end  of  a mission,  several  operations  are  accomplished 
in  sequence  to  terminate  the  flight  and  to  secure  the  system  when  it  impacts  the 
ground. 

1.3  Samplers  and  Sensors 

These  devices  are  the  prime  movers  for  the  mission.  Atmospheric  constituents 
are  gathered  by  various  mechanisms;  temperatures  and  flow  rates  are  measured 
to  compute  the  volume  of  air  from  which  each  sample  was  obtained. 

1.3.1  SAMPLERS 

The  principal  samplers  are  the  air  ejector  sampler  (AE),  the  Carbon- 14  Samp- 
ler (C-14),  and  the  Direct  Flow  Sampler  (DFS).  The  first  two  are  driven  by  nitro- 
gen aspirators,  the  latter  by  a fan  coupled  to  a d-c  motor. 

1.3.2  SENSORS 

Altitude  data  are  derived  from  primary  and  backup  pressure  sensors.  Flow 
rate  and  temperature  data  are  derived  from  PR -3  Flowmeter  Sensors. 

1.4  Original  System 

This  system  consists  of  two  subsystems  called  ''Primary"  and  "Backup"  (see 
Figure  Bl).  However,  these  terms  are  misleading  because  both  systems  had  to 
operate  properly  to  complete  a routine  mission.  Primary  instrumentation  functions 
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are  dropping  ballast,  energizing  and  deenergizing  samplers,  deploying  the  trans- 
mitting antenna,  and  terminating  the  balloon  flight.  Backup  instrumentation  func- 
tions are  latching  open  the  gas  valve,  cycling  the  gas  valve,  and  terminating  the 
mission.  Note  that  only  the  termination  function  has  redundancy.  Timed  functions 
are  derived  from  a d-c  chronometric  motor  driving  a gear  train.  All  logical 
functions  are  performed  by  relays  and  diodes. 

1.5  Design  Constraints 

Succintly  stated,  the  set  of  functions  accomplished  by  the  second  generation 
equipment  had  to  include  all  those  provided  by  the  first  generation  equipment,  but 
the  new  system  had  to  do  them  more  accurately  while  using  less  power  and  having 
less  weight.  (In  fact,  other  functions  were  added  to  improve  the  system.  ) 


2.  SYSTEM  DEVELOPMENT 

The  original  (1972)  concept  of  instrumentation  modernization  was  to  introduce 
new  equipment  in  three  steps:  Replace  first,  the  control  equipment,  second,  the 
data  acquisition  equipment,  and  finally,  the  equipment  for  backup  control.  The  data 
processing  ground  station  would  be  expanded  and  automated  after  the  new  balloon- 
borne  data  system  was  functional.  The  program  began  as  described  but  was  re- 
directed because  of  manpower  and  operational  constraints.  + 

Previewing  the  development  period  in  very  general  terms  by  year  shows  that 
the  latter  part  of  1972  and  all  1973  were  dedicated  to  implementing  the  new  system 
concept  in  hardware.  Year  1974  was  spent  refining  the  hardware  and  introducing 
software,  checklists,  and  computer  programs.  Operational  flight  testing  and  soft- 
ware updating  occupied  1975.  Hardware,  software,  and  documentation  were 
finalized  in  1976. 

2.1  Year  1972 

Initially,  documentation  for  the  existing  system  was  reviewed.  An  overall 
system  diagram  was  produced  from  drawings  of  individual  cables  and  equipment. 
Subsequently,  a prototype  replacement  controller  was  designed  and  fabricated. 


This  report  will  discuss  the  developments  in  chronological  order  except  in 
instances  where  describing  the  final  resolution  of  the  topic  will  result  in  a much 
clearer  presentation.  Also,  significant  changes  necessary  to  maintain  operational 
integrity  of  the  original  system  will  be  documented  in  chronological  order. 


2.  1.  1 CONTROL  CHANGES 

Primarily,  changes  took  place  in  two  areas;  control  and  control  devices.  The 
original  "control  unit"  was  replaced  with  a "controller"  designed  around  digital 
logic;  some  redundancy  in  balloon  control  was  added  by  modifying  the  original 
"backup  timer"  to  facilitate  redundant  control  at  the  lifting  gas  valve.  A device 
which  became  known  as  the  high  current  switch  (HCS)  was  added  to  the  control 
devices.  This  enabled  the  high  motor  current  required  by  the  Direct  Flow  Sampler 
(DFS)  to  be  rerouted,  thereby  by-passing  the  control  section.  (At  float  altitude  the 
current  is  between  10  and  27  A,  a function  of  altitude  and  battery  voltage;  see 
Appendix  C.  The  sampler  starting  current  surge  is  about  100  A). 

Comparing  Figure  Bl,  Original  System  Configuration,  and  Figure  B2.  Flight 
Test  No.  1 Configuration,  will  help  understand  the  changes.  Two  sub-systems  which 
had  been  necessary  for  every  flight  were  now  joined  to  enable  redundant  gas -valve 
control.  To  accomplish  this,  a modification  was  added  to  the  backup  timer,  but 
the  basic  timer  remained  an  electro-mechanical  device  as  was  the  control  unit. 

Notice  also  that  the  original  system  dropped  slugs  (25  lb  each)  of  ballast  while  the 
first  reconfiguration  (Figure  B2)  used  a ballast  hopper  to  permit  either  incremental 
pouring  of  ballast  or  dropping  the  entire  300-lb  maximum  load. 

As  in  the  original  system,  the  controller  remained  the  power  distribution  point 
for  all  primary  instrumentation.  Fuses  were  added  to  protect  the  system  if  a piece 
of  support  equipment  should  fail  in  a low  resistance  mode. 

2.  1.  2 COMMAND  RECEIVER  CHANGE 

Requirements  for  increased  control  capability  necessitated  expanding  the  com- 

2 

mand  lines  from  the  receiver.  The  original  Raven  command  receiver /decoder  had 
six  command  channels  (lines)  of  which  five  were  used  for  antenna  deploy,  drop 
ballast,  samplers  on,  samplers  off,  and  primary  flight  termination  (see  Figure  Bl). 
Seven  command  lines  are  needed  for  the  controller  to  execute  those  five  plus  two 
additional  functions;  pour  ballast,  and  valve  failsafe  (see  Figure  B2).  The  Raven 

six-command  receiver/decoder  was  replaced  with  a Zenith  receiver  and  decoder 

3 4 

which  provided  nine  commands.  ’ On  Figure  B2  and  others  where  the  Zenith 

2.  Instruction  Book:  Command  Receiver/ Decoder,  Raven  Industries,  Inc., 

Box  1007,  Sioux  Falls,  South  Dakota  57  101. 

I.  Handbook  of  Instructions  for  Dual  Frequency  Command  Receiver  BCR-4B, 
Developed  for  Air  Force  Cambridge  Research  Center,  Air  Research  and 
Development  Command,  Bedford,  MA  01731,  under  Contract  No.  F19650- 
67-0053,  15  March  1967.  Manufactured  by  Military  Division,  Zenith  Radio 
Corporation,  6501  West  Grand  Avenue,  Chicago,  Illinois  60635. 

4.  Final  Engineering  Report  on  Command  Selector  BCS-2A-3818,  Prepared  for 

Electronics  Systems  Division,  AFCRL(AFSC),  Laurence  C.  Hanscom  Field, 
Bedford,  MA  under  Contract  No.  AF19(628)-38 18,  12  December  1964, 
Government  and  Special  Products  Division,  Zenith  Radio  Corporation, 

6501  West  Grand  Avenue,  Chicago,  Illinois  60635. 
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receiving  equipment  is  shown  with  "tone  reeds",  these  external  reeds  replace 
older,  less  reliable  reeds  that  were  located  in  the  Zenith  command  decoder.  Also, 
the  Zenith  Command  receiver  system  has  a feature  which  the  Raven  equipment  does 
not  possess;  that  is,  prior  to  a command's  being  executed  a reply  code  is  generated 
which  identifies  the  command  channel  selected  for  use.  This  code  is  transmitted 
to  the  ground  station  operator  enabling  him  to  verify  the  selection  prior  to  command 
execution. 

The  Zenith  receiver  used  with  the  backup  system  is  slightly  different  than  that 
used  in  the  primary  system.  It  has  a single  frequency  front  end,  and,  because  it  is 
not  used  with  a command  decoder,  only  three  commands  are  available.  ^ These 
commands  do  not  have  the  reply  confirmation  feature  because  that  capability  is 
normally  incorporated  in  the  command  selector. 

2.  1.  3 TRANSMITTER  CHANGE 

g 

\ Zenith  HF  transmitter  was  added  to  the  system  to  transmit  the  reply  codes. 
Litton's  FM  transmitter  is  modulated  directly  by  the  sensor  outputs  which  are 
analog,  audio  range  signals.  7 

2.1.4  DATA  SYSTEM  CHANGE 

Figure  B1  shows  that  in  the  original  system  configuration,  data  signals  from 
8 9 

the  PR-3  Flowmeter  System  and  the  B-60  altitude  sensor  went  directly  from  the 
sensors  to  the  FM  transmitter.  When  the  Zenith  transmitter  was  added  to  accom- 
modate the  command  replies,  data  from  the  B-34  altitude  sensor,  ^ which  also 
generates  a code  in  the  form  of  ground  closures,  was  routed  through  the  controller 
to  the  Zenith  transmitter. 

2.1.5  FLIGHT  (TEST)  NO.  1,  MISSION  H72-72/H14X 

With  the  modifications  described  in  the  preceeding  four  paragraphs  accomplished, 
a test  flight  was  launched  on  2 November  197  2 from  the  operation  test  site  at 
Holloman  AFB,  New  Mexico.  Figure  2 shows  the  sampling  package  prior  to  launch 
The  center  equipment  is  a direct  flow  sampler  (DFS)  with  a PR-3  flow  sensor  pro- 
tected by  a cage.  Air  enters  at  the  bottom  and  is  exhausted  at  the  right  side, 
through  the  PR-3  flov.  sensor  output.  The  High  Current  Switch  is  mounted  on  the  DFS 
above  the  flowsensor.  The  two  insulated  thermal  packages  to  the  left  contain  the 
batteries  (bottom  box)  and  the  backup  system  (upper  box);  the  thermal  package  on 
the  right  contains  the  primary  instrumentation.  Located  between  the  instrumenta- 
tion and  the  batteries  is  the  ballast  hopper,  behind  which  is  another  direct  flow 
sampler. 

(Because  of  the  large  number  of  references  cited  above,  they  will  not  be  listed  here. 
See  Reference  Page  61  for  References  5 through  11.  ) 
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Appendix  A contains  a complete  list  of  the  flights  and  the  equipment  used  on 
each.  The  projected  float  altitude  of  21.  3 km  (7  0 kft)  was  not  reached  because  the 
flight  was  terminated  on  ascent  at  14.  3 km  (47  kft).  Although  certain  transmitted 
signals  indicated  termination  due  to  balloon  trouble,  examination  of  the  balloon 
revealed  that  certain  processes  had  occurred  which  take  place  during  a normal 
termination,  and  not  usually  during  a balloon  burst.  Also,  the  prototype  controller 
(sn  01)  functioned  correctly  during  post-flight  tests  so  that  a control  malfunction 
could  not  be  proven.  However,  reviewing  the  facts  and  schematics  from  today's 
vantage  point  indicated  that  the  premature  flight  ending  may  have  been  caused  by 
radio  frequency  interferences  from  the  Litton  data  transmitter.  This  will  be  dis- 
cussed at  a later. point. 
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As  a test  of  the  instrumentation,  the  flight  was  not  a loss,  because  several 
important  points  surfaced.  First,  the  initial  High  Current  Switch,  a mechanically 
latching  relay,  latched  on  at  impact  when  the  parachute  returned  the  system  to 
earth.  No  damage  was  done,  but  if  the  flight  had  been  successful  to  that  point,  the 
sample  would  have  been  contaminated.  Therefore,  the  relay  was  replaced  with  a 
solid  state  switch  which  will  be  discussed  in  Section  2.  2.  1.  Second,  personnel  at 
the  Balloon  Operations  Test  Branch  suggested  that  the  controller  be  designed  to 
de-energize  the  samplers  at  flight  termination,  before  the  ballast  remaining  on 
board  is  jettisoned,  and  to  logically  inhibit  the  reactivation  of  the  samplers.  Both 
of  these  suggestions  have  since  been  incorporated  into  the  system  instrumentation. 

2.  1.  6 IN-USE  EQUIPMENT 

Since  AFGL  was  responsible  for  the  operational  flights,  it  was  deemed  neces- 
sary to  have  a relatively  complete  set  of  balloon-borne  and  ground  equipment  at  the 
laboratory  in  a configuration  similar  to  that  used  in  the  field.  Therefore,  a portable 
cabinet  was  procured  and  fitted  with  equipment  to  duplicate  the  operational  ground 
station. 

2.2  Year  1973 

Data  acquisition  enhancement  was  stressed  during  this  period  and  with  the 
exception  of  the  flight-data  recorder,  prototypes  of  each  piece  of  new  equipment 
that  were  to  be  used  in  the  follow-on  system  were  flight  tested.  Accomplishments 
in  the  major  system  categories  will  be  discussed  below,  and  actions  resulting  from 
knowledge  gained  from  one  or  more  of  the  flight  tests  of  March,  July,  and  October 
will  be  noted. 

A letter  report  was  written  in  July  to  inform  the  AEC  of  the  project's  status, 
plans,  and  options.  Parts  of  this  report  are  included  as  Appendix  D.  Figures  B2 
through  B5  cover  test  flight  block  diagrams.  Detailed  explanations  of  the  encoder 
operation  and  control  theory  are  included  in  Appendix  D along  with  a comparison  of 
the  in-use  and  developmental  system  capabilities. 

2.  2.  1 CONTROL  CHANGES 

Three  major  changes  were  made  in  the  control  system.  As  mentioned  in  Sec- 
tion 2.  1.  5,  the  first  high  current  switch  (HCS)  was  replaced  by  a solid  state  design 
using  a silicon  controlled  rectifier  (SCR).  The  first  model  was  built  around  a "DC 
Static  Switch"  by  General  Electric  Co.  Although  it  worked  in  the  laboratory  it 
failed  to  turn  off  reliably  under  simulated  flight  conditions;  prior  to  the  March  flight 
it  was  modified.  The  modified  switch  configuration  was  subsequently  abandoned 

11"  G.E.  Silicon  Controlled  Rectifier  Manual,  edited  by  F.  W.  Gutzwiller,  prepared 
for  General  Electric  Company,  3800  North  Milwaukee  Avenue, 

Chicago,  Illinois  60641,  1967,  pp  153-155. 
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after  the  July  flight,  and  the  switch  was  reconfigured  around  the  basic  circuit  shown 

I with  solid  lines  in  Figure  3,  (Circuit  components  such  as  those  for  gate  protection 

and  connectors  are  omitted  for  clarity.  ) The  SCR  turns  the  blower  motor  on,  and 
the  relay  turns  the  motor  off  by  interrupting  the  current,  thereby  allowing  the  SCR 
to  turn  off  when  sufficient  time  has  elapsed  to  let  the  junction  cool.  This  application 
of  the  relay  was  deemed  acceptable  based  on  information  available  in  Reference  12 
and  discussions  with  an  applications  engineer.  (Initially  this  circuit  also  included 
another  SCR  and  a l-fl  series  resistor  as  shown  in  Figure  3).  Terminal  ON-1  was 
pulsed  first,  then  2 sec  later,  ON- 2 was  pulsed.  Subsequently,  in  this  way  the 
startup  current  was  limited  to  about  25  amperes.  Calculations  showed  that  the  SCR 
(Motorola  type  MCR  3935-2)  and  the  relay  were  capable  of  sustaining  the  initial 
surge  current;  the  components  shown  by  dashed  lines  were  eliminated. 


'ten  ampere  relay  with  two  sets  in  parallel 


Figure  3.  Basic  High  Current 
Switch  Schematic 


The  second  control  change  was  the  inclusion  of  "impact"  switches  located  on 
the  bottom  of  the  payload  system,  and  having  the  arming  circuit  located  in  the 
primary  controller.  This  subsystem  releases  the  parachute  from  the  payload  upon 
ground  impact.  The  standard  configuration  was  to  fly  an  in-line  switch  between 
the  payload  and  the  parachute  (see  Figure  2).  This  type  of  switch  depended  upon 

12.  H-G  Relay  Engineering  Manual.  Document  No.  REM- 1164,  by  Hi-G  Incorporated, 
Windsor  Locks,  CO  .06096,  1964,  pp  6,  7,  and  11. 
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the  tension  in  the  parachute  line  relaxing  before  half  of  the  parachute  risers  could 
be  released.  Therefore,  in  windy  conditions,  when  the  circuit  action  is  most 
needed,  the  switch  is  most  likely  to  fail.  The  replacement  impact  switch  circuit 
depends  only  upon  momentary  pressure  at  impact  to  complete  a circuit  which  causes 
the  parachute  to  be  released.  This  circuit  is  armed  only  if  the  system  passes  both 
up  and  down  through  a pre-set  altitude  [usually  3 km  (10,  000  ft)].  This  circuit  has 
functioned  properly  on  each  flight  since  it  was  included  in  the  system. 

The  third  change  was  a mechanical  reconfiguration  of  the  controller.  Serial 
No.  01  was  difficult  to  work  on  because  of  its  mechanical  makeup.  Also,  it  had 
several  large  relays  on  circuit  boards  designed  to  be  fabricated  in  a printed  wire 
mode.  Serial  No.  02,  which  was  used  for  the  three  1973  flights,  had  all  circuitry 
on  the  case  "cover.  " Therefore,  when  the  unit  was  opened,  the  chassis  and  associ- 
ated wiring  were  removed  from  the  case.  Two  circuit  boards  held  the  logic  and 
miniature  interface  relays  (TO-5  type  enclosure)  while  the  larger  relays  were 
mounted  on  the  chassis.  This  technique  was  carried  through  to  the  final  controller 
configuration  (Serial  Nos.  03  and  above). 

2.  2.  2 TRANSMITTER  CHANGES 

When  the  data  encoder  was  added  to  the  prototype  system  (see  Section  2.  2.  3) 
it  eliminated  the  need  for  the  Litton  SS/T-14  FM  transmitter,  the  four  commutated 
inputs  of  which  were  tailored  to  the  PR-3  flowmeter  sensor's  analog  signals.  The 
encoder's  output  was  a closure  to  ground  which,  as  previously  mentioned,  worked 
well  with  the  Zenith  Command  reply  transmitter.  However,  the  natural  noise  im- 
munity of  an  FM  signal  would  greatly  enhance  automatic  decoding  and  printing  of 
data  by  the  ground  station.  Therefore,  a 700- Hz  tone  oscillator  was  added  to  the 
controller  (where  it  could  be  interrupted  easily,  to  also  provide  the  indication  when 
radio  commands  were  received)  and  provisions  were  made  for  the  encoder  output 
to  pulse  the  tone  into  an  FM  transmitter.  Because  the  Litton  SS/T-14  data  trans- 
mitters were  nearing  the  end  of  their  servicable  life  due  to  non-availability  of 
replacement  parts,  a follow-on  transmitter,  the  FMT-1A,  was  procured  from 
Viable  Systems,  Inc.  The  FM  transmitter  used  on  Flight  (Test)  Nos.  3 and  4 was 
the  Viable  prototype;  the  FMT-1.  13 

2.2.3  DATA  SYSTEM  CHANGES 

Flight  (Test)  No.  1 (Section  2.  1.  5)  in  197  2 used  basically  the  original  data  system. 
Flights  in  1973  introduced  and  proved  the  data  encoder.  Built  around  a frequency- 
sensitive  analog-to-digital  converter,  the  encoder  presented  the  data  words  as  a 
serial  bit  stream  which  corresponds  to  Morse  Code  characters.  The  eleven  data 

13.  Instruction  Manual  for  Model  FMT-1A  FM  Transmitter,  AFCRL  Contract  No. 
F19650-74-C-0407,  May  1974,  Viable  Systems,  Incorporated,  299  Second 
Avenue,  Needham  Heights,  MA  02194. 
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channels,  which  were  buffered  for  specific  inputs,  included  two  for  the  H-fiO  altitude 
sensor  (one  for  high  altitude,  one  for  low  altitude);  one  for  monitoring  housekeeping 
functions— valve,  ballast,  burst  switch  status;  and  eight  for  monitoring  four  l'R-3 
flow  sensors  (flow  rate  and  temperature).  The  three  developmental  flights  des- 
cribed in  the  following  paragraphs  used  the  above  encoder  format  (see  f igures  lid, 
B4,  and  B5)  for  flight  configurations. 

The  encoder  on  f light  (Test)  No.  2 monitored  one  PH-3  flow  sensor  flow  rate, 
and  two  backup  altitude  sensors  with  voltage  outputs.  The  voltages  were  converted 
to  variable  frequences  before  they  were  routed  into  two  unused  flow  sensor  channels. 
These  sensors  provided  data  at  altitudes  from  ground  to  float  and  were  justification 
for  discarding  the  original  altitude  sensor/transmitter  (B-34).  Sensor  tempera- 
ture was  not  monitored  by  the  encoder  but  was  recorded  by  the  PH-3  flowmeter 
system  as  usual.  The  physical  flight  configuration  was  virtually  identical  to  the 
first  flight  (see  Figure  2).  Unfortunately,  a battery  problem  precluded  gathering 
any  flow  data  but  the  remainder  of  the  system  worked  properly. 

Flight  (Test)  No.  3 was  very  similar  to  No.  2 except  that  the  flow  sensor  tempera- 
ture was  monitored  by  the  encoder.  Also,  a PK-3  system  was  flown  in  a electric- 
ally independent  mode  to  monitor  the  same  outlet  port  as  the  PR-3  sensor  monitored 
by  the  encoder.  The  volume  of  air  passing  through  both  of  these  two  serially  con- 
nected sensors  (see  Figure  4)  was  calculated  independently.  The  two  calculations 
agreed  within  2.6  percent;  well  within  the  accuracy  of  the  systems. 

Flight  (Test)  No.  4 (1173-73/1132)  was  a milestone  in  this  system's  development. 
Because  of  the  success  of  the  previous  flight  and  the  attractiveness  of  saving  opera- 
tional funds,  this  test  was  combined  with  an  operational  flight  requiring  two  direct 
flow  samplers  (DFS)  and  two  Carbon  14  samplers.  The  two  DFS's  required  three 
PR-3  flow  sensors  (two  on  outlets  and  one  on  an  inlet);  the  C-14's  required  one 
sensor  each.  Since  encoder  snOl  could  accommodate  four  PR-3  sensors  and  five 
were  required,  one  was  monitored  by  the  standard  PR-3  electronics / recorder.  This 
flight  configuration  necessitated  eliminating  the  back-up  altitude  sensors;  and,  since 
only  the  sensor  part  of  the  PR-3  system  was  used  in  five  of  the  flow  measurements, 
onboard  recording  was  virtually  eliminated.  All  flight  data  were  acceptable;  this 
was  the  prototype  system's  first  success. 

This  flight  configuration  was  consistent  with  the  instrumentation  configuration 
planned  by  AFGL,  that  is,  the  backup  altitude  sensors  were  to  be  eliminated  and 
a digital  recorder  was  to  be  added  when  it  was  available.  However,  the  AEC 
advised  us  that  redundant  altitude  data  was  mandatory  at  least  at  float  altitude 
Therefore,  a backup  altitude  sensor  was  subsequently  reinstated. 
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Figure  4.  Flow  Sensors,  H73-50/H-28X 


2.  2.  4 THE  G HOUND  STATION 

Originally,  at  the  ground  station  in  the  control  center,  analog  signals  were 
retrieved  by  an  analog  method  and  the  results  were  logged  by  hand.  As  shown  in 
Figure  5a,  the  receiver's  audio  output  signal  was  routed  to  two  areas  for  processing 
of  two  data  types;  altitude  and  flow  rate.  The  altitude  channel  was  monitored  by  a 
counter  through  a Schmitt  trigger  which  detected  the  envelope  of  a pulsed  3000  Hz 
signal  generated  in  the  B-60  altitude  sensor  reference.  Flow  rate  data  was  dis- 
played as  a Lissajous  figure  on  an  oscilloscope  using  frequency  from  an  audio 
oscillator;  the  frequency  which  stabilized  the  Lissajous  "circle"  was  recorded. 

This  method  kept  the  operator  rather  busy. 

The  developmental  system  transmitted  digital  words  which  were  to  be  recorded 
(printed)  automatically  by  the  ground  station;  a forerunner  of  the  automatic  ground 
station  was  employed  with  the  introduction  of  the  Viable  transmitter  (see  FTgure  5b). 
The  receiver  700-IIz  audio  tone  was  applied  to  a phase  locked  loop  filter  wh’ch  re- 
claimed the  dot  or  dash  from  the  signal  envelope.  This  serial  message  was  re- 
corded by  a strip  chart  recorder  providing  a permanent  record  of  the  flight;  reply 
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codes  from  the  Zenith  transmitters  were  also  recorded.  This  method  of  obtaining 
a hard  copy  of  the  data  was  used  until  the  middle  of  1975  when  the  automatic  printing 
ground  station  was  introduced. 


a)  ORIGINAL  CONFIGURATION 


Figure  5.  Ground  Station 
Configuration 


b)  INTERIM  CONFIGURATION 


2.2.5  FLIGHT  (TEST)  NOS.  2.  3.  and  4 

Flight  No.  H73-19/H19,  the  second  test,  successfully  demonstrated  the  altitude 
mor;toring  capability  of  the  encoder  but,  because  of  a bad  battery,  failed  to  monitor 
flow  rate  when  the  DFS  did  not  operate  properly.  The  controller  performed  properly. 

The  third  test,  H73-50/H28X,  gathered  a sample  and  support  data  and  per- 
formed the  volume  checking  experiment  described  earlier.  However,  after  the 
sample  period  was  over  and  the  samplers  were  de-energized,  the  emergency  samp- 
ler deactivation  circuit  failed  a test  and  the  sample  was  contaminated. 

Test  flight,  H73-73/H-32,  the  fourth  test,  was  successful  in  gathering  a sampler 
and  support  data  but  the  samplers  de-energized  prematurely  when  a cable  carrying 
current  to  the  DFS's  failed.  Luckily,  the  sample  was  just  within  the  minimum 
collection  time.  A spinoff  from  this  accident  was  a reconfigured  battery  container 
providing  rigidity  to  protect  the  batteries,  ample  room  for  air  circulation,  and  a 
connector  so  cables  would  not  have  to  be  attached  directly  to  the  battery  terminals. 

2.2.6  IN-USE  EQUIPMENT 

During  the  early  part  of  the  year,  time  was  spent  researching  possible  sources 
for  an  altitude  sensor  equal  to  or  exceeding  the  B-60  in  range  and  accuracy.  A 
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proposal  by  L'Garde,  Inc.  of  Newport  Beach,  California,  initially  appeared  inter- 
esting. Their  theoretical  sensor  used  an  isotope  of  americium  with  a silicon  de- 
tector but,  after  detailed  calculations  by  the  vendor,  the  specifications  were 
modified  out  of  our  range  of  interest.  A satisfactory  replacement  was  not  located 
but  the  need  was  kept  in  mind  as  technical  literature  was  read  (see  Reference  19). 

An  endeavor  begun  that  year,  which  was  rapidly  to  bear  fruit,  was  the  design 
and  fabrication  of  a new  gondola  for  the  sampling  equipment.  The  author  and  Mr. 
Charles  Mitropoulos,  a mechanical- engineer  from  AFGL/SU,  assembled  specifica- 
tions and  Mr.  Mitropoulos  designed  a gondola  to  accommodate  the  samplers,  in- 
strumentation, battery  boxes,  ballast  hoppers,  and  gas  containers.  After  several 
stages  of  redesign,  a dozen  gondolas  (dubbed  the  SAVE-3,  for  SAmpling  VEhicle) 
were  procured  through  the  facilities  of  NOAA  in  1976.  These  gondolas  are  now 
used  with  the  original  system  as  well  as  the  follow-on  instrumentation  systems 
because  they  are  much  more  efficient  than  the  original  system  for  assembling  a 
flight  system. 

As  noted  earlier,  the  SS/T-14  FM  transmitters  were  at  the  end  of  their 
economically  useful  lives.  Therefore,  replacements  were  sought  and  later  pro- 
cured from  Viable  Systems,  Inc.  To  use  the  transmitter  with  both  systems,  the 
commutating  capability  of  the  T-14  was  duplicated  in  a separate  unit  (signal  con- 
ditioner, SC- 2)  that  was  supplied  by  Viable  with  the  transmitters. 

2.2.7  INSTRUMENTATION  COMPARISON  BY  WEIGHT 

Since  every  pound  of  equipment  must  be  buoyed  by  the  helium  in  the  balloon, 
extra  weight  is  rapidly  converted  into  dollars  for  larger  balloons.  Also,  interest 
in  atmospheric  sampling  was  increasing  and  any  weight  saved  could  be  applied  to 
other  experiments  as  well.  Table  1 lists  equipment  weights  and  shows  in  the  totals 
that  the  new  instrumentation  was  lighter  than  the  in-use  instrumentation.  The 
weight  advantage  grows  with  the  make  of  PR- 3 sensors  required  because  only  the 
sensor  is  added  to  the  system,  whereas  the  existing  system  needed  an  additional 
recorder/electronics  package  for  each  additive  PR-3.  Therefore,  the  weight 
design  critera  of  Section  1.  5 has  been  met. 
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Table  1.  Comparison  of  Primary  Instrumentation  Weights 
Without  Cables 


Item 

Weight  (lb) 

ln-Use 

System 

Proposed 

system 

Thermal  Bag 

6 

Shock  Absorbent 

5 

Frame,  Instrumentation 

7.  5 

Thermal  Box 

10.  2 

Control  Unit 

9 

7.  0 

Receiving  System 

6 

6.  0 

Transmitter;  T-14 

5 

... 

FMT-  1 

- 

2.  0 (max) 

B-60 

2.  7 

2.  7 

B-34 

4.  0 

... 

Rosemount  & Converter 

... 

1.  5 

Encoder 

... 

2.  6 

PR-3  Recorder  (No.  1) 

9.  0 

... 

Data  Printer 

... 

2.  0 (max) 

PR-3  Sensor  (No.  1) 

2.  0 

2.  0 

Subtotal 

46.  7 

PR-3  System  (No.  2) 

59.  7 

45.  5 

PR-3  System  (No.  3) 

70.7 

47.  5 

PR-3  System  (No.  4) 

81.  7 

49.  5 

PR-3  System  (No.  5) 

92.  7 

51.5 

PR-3  System  (No.  6) 

103.  7 

53.  5 

In-use  system  cables  weigh  more  than  proposed  system  cables. 


2.3  Year  1974 

Tests  in  1973  confirmed  the  model  in  Figure  1 (from  which  the  final  systems  in 
Figures  B6  through  B8  were  derived). 

Commencing  in  1974,  SAVE-3  gondolas  were  used  and  evaluated.  Figure  6 is 
a picture  of  the  flight  payload  for  H74-27/H-41X  which  used  this  gondola.  A direct 
flow  sampler,  and  a Carbon- 14  sampler  (at  right)  are  mounted  on  the  gondola 
exterior;  the  interior  contains  (starting  at  the  top)  primary  instrumentation,  bat- 
teries, backup  instrumentation,  and  a ballast  hopper.  To  the  left  of  the  ballast 
hopper  (the  inverted  pyramid)  is  the  antenna  deploy  device  (parachute).  Impact 
switches  are  on  four  corners  of  the  shock-absorbing  pad. 


25 


Figure  6.  Flight  Package,  H74-27/H-41X 


The  primary  instrumentation  was  repackaged  to  fit  the  SAVE-3  gondola. 
Originally  in  a 58.4  x 56.  9 X 35.  6 cm  (23  X 22  X 14  in.  ) frame  carried  outboard 
in  a thermal  insulation  box  with  2-in.  walls,  the  new  version  used  a 41.  9 X 41 .9X 
39.4  cm  (16-1/2  X 16-1/2  X 15-1/2  in.)  frame  (see  Figure  7)  in  a similar  thermal 
insulation  box  which  was  set  into  the  uppermost  section  of  the  gondola.  When  the 
PR-3  recorder  units  were  discarded  for  the  encoder  and  central  data  printer,  a 
reduction  in  volume  was  accomplished. 

The  equipment  placement  in  this  primary  instrumentation  configuration  was 
used  for  the  three  tests  in  July  1974.  During  that  initial  flight  series  for  the 
SAVE-3,  it  was  discovered  that  the  connectors  on  the  exterior  of  the  primary 
instrumentation  fell  behind  the  gondola  stanchions  or  samplers.  Thereafter,  a 
mirror-image  instrumentation  configuration  was  used  which  placed  the  connectors 
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at  sections  of  the  gondola  which  were  always  easily  acc  -ssibh 
sents  the  final  equipment  layout. 


oo 


a)  ORIGINAL 


b)  SEPTEMBER  1974 


Figure  8.  Primary  Instrumentation  Layout 
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2.  3.  1 CONTROL  CHANG LS 

The  primary  controller  was  reconfigured  into  its  present  package  and  its 
connectors  were  reduced  from  six  to  five  (see  Figure  9).  This  change  simplified 
construction  and  testing  because  the  wires  were  grouped  functionally.  It  also 
facilitated  the  implementation  of  a simple  connector-numbering  system.  Each 
cable  type  was  assigned  a prefix  number  (0  through  10);  0,  RFI  filters;  1, 
primary  system  power;  2,  command  receiver;  3,  control;  4,  data;  5,  data  trans- 
mitter; 6,  system  interface;  7.  backup  instrumentation;  8,  DFS,  DFS  cables; 

9,  DFS  battery  cable;  10,  existing  flight  equipment.  For  example,  the  digit  4 
represents  data  system  connectors  or  cables  in  or  on  the  primary  frame,  that  is, 
J40  on  the  controller  to  J415;  there  are  16  connectors.  See  the  project  handbook14 
for  drawings,  parts  numbers,  etc. 


Figure  9.  Primary  Controller 


In  July  the  original  backup  control  unit  with  gas  valve  modification  was  re- 
placed with  a solid  state  crystal  clocked  controller.  Compare  figures  B6  and  B7. 
Notice  that  the  ballast  hopper  control  functions  are  now  redundant;  and  the  gas 
valve  latch-open  function  has  been  dropped  because  each  controller  does  it  auto- 
matically at  termination.  The  three  backup  controller  commands  are  ballast  pour, 
gas  valve  failsafe,  and  termination  (see  Figure  10). 


14.  Cordelia,  R.  H.  , Jr., 


Capt  (1977)  Project  Ash  Can  Atmospheric  Sampling 

7 — : - -I.  Instrumentation:  SCADS-2,  AFGL.  Aerosnace 

Instrumentation  Division,  Hanscom  AFB,  M A 017  31. 
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15.  Instruction  Manual:  Model  No.  CMMP-6A,  July  1973,  Practical  Automation 
Inc.,  Trapp  Falls  Road,  Shelton,  CO  (HS484. 


Figure  10. 

Backup  Controller 


2.  3.  2 DATA  SYSTEM  CHANGES 

Three  significant  changes  were  accomplished  for  1974  flights.  A data  printer 
was  added,  a backup  altitude  sensor  was  returned,  and  information  on  the  initial 
three  channels  of  the  encoder  was  changed.  To  facilitate  wiring  and  testing,  the 
chassis  cables  were  reaccomplished  to  reduce  the  external  control  connector  count 
to  one. 

The  printer  (Figure  11)  described  in  Reference  15  was  chosen  because  at  that 
time  it  was  the  only  lightweight  device,  less  than  746  g (2  lb)  operable  on  either  a-c 
or  d-c  power.  This  feature  facilitated  its  use  on  both  ground  and  flight  systems. 


Figure  11.  Data  Printer 


L 


30 


The  internal  printer  functions  are  accomplished  by  transistor-transistor  logic 
(TTL);  an  interface  provides  the  regulated  voltage  and  buffers  to  change  voltage 
levels  (CMOS  to  TTL).  At  3-min  intervals,  a time-code  generator  produces  a 
2 -digit  decimal  number  which  is  printed  with  every  data  word.  This  time  count  is 
derived  from  the  controller  signal  which  initiates  the  encoder  message,  and  is 
referenced  to  the  time  when  power  was  applied  to  the  system  prior  to  launch.  All 
data  produced  by  the  encoder  is  hardcopy  printed.  The  word  format  corresponds 
to  that  used  by  the  ground  station  and  the  data  backup  dictionaries.  (The  dictionaries 
will  be  discussed  at  the  end  of  this  section.  ) 

Provision  of  two  methods  of  obtaining  altitude  data  at  the  float  altitude  was  a 
firm  requirement.  Accordingly,  a channel  was  devoted  to  monitoring  the  backup 
sensor  through  a voltage-to-frequency  converter  (see  Section  2.2.3).  The  decision 
was  made  to  keep  the  encoder  size  constant  by  placing  all  B-60  altitude  data  on 
Channel  1 and  maintain  the  15  data  channel  format  consistent  with  the  available 
logic  packages.  Condensing  the  B-60  altitude  sensor  data  on  one  channel  neces- 
sitated rescaling  the  constant  used  in  the  signal  multiplication.  1 Maximum  altitude 
for  routine  flights  was  between  18.3  km  and  27.4  km  (60  to  90  kft)  but  a require- 
ment exists  to  reach  36.6  km  (120  kft),  therefore,  an  option  was  included  in  the 
encoder  to  select  one  of  two  scaling  frequencies  based  on  the  float  altitude.  As  in 
all  compromises,  you  never  get  something  for  nothing.  Placing  all  the  primary 
altitude  data  on  one  channel  cost  resolution  at  the  lower  altitudes. 

Theoretical  encoder  primary  altitude  resolution  (Table  2)  is  extracted  from 
unpublished  calculations  of  January  1978.  Since  the  balloon  ascends  at  about 
305  m/sec  (1  kft/min)  this  resolution  is  acceptable.  The  upper  limit  of  the  normal 
range  is  about  33  km  (106  kft);  the  extended  range  is  about  42  km  (136  kft).  This 
altitude  will  vary  slightly  between  units  because  they  are  not  identical. 

The  encoder  format  has  been  finalized  as  follows;  Channel  1,  B-60  sensor  alti- 
tude; 2,  housekeeping;  3,  backup  altitude;  4,  6,  8,  10,  12,  14  flow  rate;  5.  7,  9, 

11,  13,  15  temperature.  The  latter  12  channels  (channels  4 through  15)  are  grouped 
in  two's  to  accommodate  six  PR -3  flow  sensors.  A dictionary  is  used  for  all 
channels  except  channel  2,  housekeeping,  which  has  only  four  possible  code  options 
to  indicate  actuation  of  the  gas  valve,  ballast  hopper,  or  parachute  open  indicating 
switch.  See  Section  2.  2.  3. 

Data  words  are  based  on  a twelve  bit  binary  counter;  therefore,  there  are  4096 
states  or  combinations  which  must  be  correlated  to  the  actual  parameters:  flow 
rate,  temperature,  and  altitude.  Dictionaries  produced  on  a CDC  6600  computer 
accomplish  this  correlation.  These  programs  were  produced  in  collaboration  with 
Peter  L.  Miller,  Capt,  USAF.  He  wrote  the  programs  after  the  author  presented 
a rough  outline  of  what  they  were  to  do  and  the  sensor  characteristics.  The  pro- 
grams, their  inputs,  and  their  ouputs  are  explained  in  Appendices  F through  I 
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Table  2.  Theoretical  Encoder  Resolution 


Altitude 

Range 

kft 

(km ) 

Normal 

Extended 

Resolution: 

ft 

(m) 

10 

(3.0) 

184 

(56) 

588 

20 

(6.  1) 

260 

(79) 

833 

(254) 

30 

(9.  1) 

260 

(79) 

833 

(254) 

40 

(12.  2) 

216 

(66) 

689 

(210) 

50 

(15.  2) 

17  0 

(52) 

543 

(166) 

60 

(18.3) 

125 

(38) 

403 

(123) 

70 

(21.3) 

91 

(28) 

292 

(89) 

80 

(24.4) 

64 

(20) 

207 

(63) 

90 

(27.4) 

45 

(14) 

145 

(44) 

100 

(30.  5) 

31 

(9) 

101 

(31) 

110 

(33.  5) 

75 

(23) 

120 

(36.  6) 

54 

(16) 

130 

(39.  6) 

40 

(12) 

140 

(42.7) 

31 

(9) 

2.  3.  3 TRANSMITTER  SECTION  CHANGES 

The  quality  of  the  received  signal  from  the  40  MHz  transmitter  had  been  mar- 
ginal since  the  beginning  of  the  equipment  updating.  Various  components  in  the 
signal  path  were  analyzed  and  the  transmitting  antenna  was  determined  to  have  the 
wrong  impedance.  Although  the  radiating  element  was  the  proper  length,  the 
matching  transformer  and  stub  dimensions  could  not  be  verified.  Therefore,  the 
original  antenna  (designated  by  an  S in  the  transmitter  column  of  Appendix  A)  was 
replaced  with  a modified  dipole  (Dl).  When  the  FMT-1A  transmitters  were  used, 
signal  strength  again  became  unacceptable  so  a second  modified  dipole  was  designed, 
tested,  and  implemented  in  October.  This  antenna  was  used  for  just  over  one  year 
when  it  was  replaced  with  a modified  Zepp  (Z)  antenna16  to  facilitate  automatic  de- 
ployment. Mr.  Hans  Laping  AFGL/LCC  designed  the  Zepp  antenna. 

2.3.4  TEST  FLIGHTS 

The  eight  flight  tests  in  1974  will  be  grouped  according  to  the  time  frame  of  the 
experiments  for  the  following  discussion.  Appendix  A lists  the  equipment  for  each  flight. 

16.  The  ARRL  Antenna  Book,  published  by  the  American  Radio  Relay  League,  Inc., 
Newington,  CO,  1974,  pp  108,  109,  and  116. 
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2.3.4.  1 Tests  5,  6,  and  7;  June 

On  test  5,  H74-27 / H-4 IX,  the  HF  antenna  did  not  deploy  because  one  squib  in 
the  antenna  parachute  failed  to  cut  the  nylon  line.  At  6.4  km  (21  kft),  with  the 
balloon  ascending  at  about  305  m (1000  ft)  per  min,  the  encoder  readout  was  ex- 
panded from  3 to  15  channels.  The  encoder  data  format  was  correct  but  no  tempera- 
ture data  were  present  on  the  appropriate  odd  numbered  channels.  One  hr  and 
16  min  into  the  flight  the  samplers  were  turned  on  by  command  and  flow  data  com- 
menced on  the  appropriate  even  numbered  channels.  The  received  signal  was  clear 
but  the  data  were  very  noise  and  within  21  min  a high  noise  level  obscured  all  data; 
the  noise  produced  random  counts  on  the  temperature  channels.  This  condition 
continued  for  approximately  1 hr  at  which  time  the  samplers  were  commanded  off; 
the  noise  then  stopped.  The  samplers  were  restarted  and  the  noise  did  not  re- 
appear. Late  in  the  flight  there  were  still  no  temperature  data  from  the  samplers; 
however,  the  thermistor  located  within  the  encoder  did  yield  apparently  valid  data. 
After  a 4-hr  sample  period,  the  samplers  were  turned  off  via  command  and  the 
flight  was  then  terminated.  The  termination,  descent,  and  impact  were  all  normal 
and  there  was  little  damage  to  the  SAVE-2  gondola  or  the  samplers. 

The  noise  in  the  data  was  initially  attributed  to,  first,  the  failure  of  the  antenna 
to  deploy  from  the  chute  causing  a severe  mismatch  at  the  transmitter  output  sec- 
tion. The  mismatch  resulted  in  an  abnormally  high  RF  field  in  the  vicinity  of  the 
instrument  system  that  could  easily  couple  into  the  system  sensor  input  leads.  The 
noise  during  the  middle  of  the  sample  period  was  most  likely  due  to  brush  arcing 
in  the  motor  which  was  interrupted  when  the  motor  was  shut  off  and  then  failed  to 
return  when  the  motor  was  restarted. 

Although  the  sensor  data  was  not  of  sufficient  quality  to  merit  processing,  a 
usable  sample  was  obtained  and  other  capabilities  of  the  new  system  were  further 
tested.  The  High  Current  Switch  was  successfully  cycled  twice  during  the  mission. 
The  capability  to  turn  the  samplers  off  provides  an  important  option  if  the  balloon 
should  move  out  of  the  sampling  altitude  envelope.  The  data  were  clearly  received 
by  the  receiver  and  recorded  on  a strip  chart  by  a phase  lock  loop  (PLL)  detector. 

An  effort  was  made  to  duplicate  the  noise  problem  on  a tethered  flight;  H74-32. 
The  prototype  instrumentation  was  placed  in  a standard  thermal  package  and  set 
into  the  upper  section  of  the  flight  gondola.  The  whole  gondola  and  samplers  were 
not  flown  because  of  weight  restrictions  and  the  necessity  to  keep  the  package 
several  wave  lengths  away  from  the  steel  tethering  cables.  (These  cables  would 
have  to  be  brought  in  closer  to  the  package  if  a heavier  weight  were  to  be  suspended.  ) 

The  balloon  was  positioned  at  an  altitude  of  600  ft;  the  instrumentation  package 
was  configured  with  the  power  and  data  cables  flown  on  H74-27.  The  battery  box  was 
placed  on  top  of  fhe  instrumentation  package  and  DFS  flow  sensors  were  positioned 
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on  the  gondola  to  approximate  their  flight  locations.  The  flight  data  cable  was  used. 
The  HF  antenna  was  placed  on  the  gondola  as  low  as  possible  on  the  same  side  it 
occupied  during  the  free  flight.  The  VHF-FM  antenna  was  placed  as  it  was  on  the 
free  flight  and  remained  that  way  throughout  the  test. 

The  system  was  tested  in  four  modes:  (1)  both  transmitters  on,  with  the  HF 
antenna  rolled  up  and  in  the  chute;  (2)  both  transmitters  on,  and  the  HF  antenna 
deployed;  (3)  the  HF  transmitter  off  and  its  antenna  removed  while  the  FM  trans- 
mitter was  on;  and,  (4)  the  data  cable  was  changed  from  the  flight  cable  to  a cable 
of  identical  dimensions  but  using  twisted  pairs  for  each  fan  or  thermistor  with  the 
FM  transmitter  energized.  These  four  test  configurations  were  observed  over  a 
period  of  about  2 hrs;  data  were  recorded  on  a Gould  chart  recorder  through  a 
phase  locked  loop  (PL.L)  detector.  The  data  were  excellent  at  all  times.  The  mal- 
function which  occurred  during  the  flight  could  not  be  duplicated. 

It  was  decided  to  refly  a configuration  similar  to  that  of  H74-27.  Flight 
H74-36/H-42X  had  another  DFS  with  another  two  PR -3  sensors  and  only  the  40.35 
MHz  FM  transmitter  was  used.  The  flight  was  successfully  launched  at  1346  Z hr 
after  a flawless  checkout  and  a short  hold  for  surface  winds.  Altitude  data  from  the 
B-60  were  excellent.  At  about  14  km  (46  kft)  the  Rosemount  back-up  altitude  data 
began  and  was  in  excellent  agreement  with  the  B-50  sensor  until  the  balloon  rose 
out  of  the  range  of  the  back-up  sensor.  This  flight  was  to  27.4  km  (90  kft)  and  the 
sensor  was  chosen  and  calibrated  for  the  previous  flight  which  was  only  to  19.5  km 
(64  kft).  At  1406  Z hr  the  balloon  was  at  about  7.  6 km  (25  kft)  and  the  encoder 
message  was  expanded  to  15  channels.  The  data  were  excellent,  giving  a clear 
indication  of  the  interior  and  exterior  sampler  and  package  temperatures.  (The 
interior  package  temperature  data  corresponds  very  well  with  the  data  gathered  on 
the  latter  portion  of  flight  H74-27.  ) The  gas  valve  was  opened  at  1458  Z hr  for 
4-1/2  min  to  slow  the  ascent  rate  and,  although  it  is  not  recorded  on  the  Encoder 
L.og,  the  data  was  obscured  by  a steady  tone  for  63  seconds.  This  tone  was  re- 
corded through  the  PLL  onto  a strip  chart  recorder  and  was  discovered  during  the 
review  of  the  flight  records.  It  is  the  warning  indication  that  the  flight  had  been 
terminated  by  the  burst -pin  signal;  however,  the  flight  continued.  Data  were  ex- 
cellent but  the  samplers  could  not  be  started  by  timer  or  command.  At  termination, 
the  package  did  not  respond  to  the  command  via  the  primary  system  and  the  backup 
controller  had  to  be  used.  The  package  was  returned  without  power  interruption, 
and  the  commands  were  "issued"  using  the  command  simulator  and  test  box.  The 
results  duplicated  the  situation  in  flight;  the  samplers  were  unable  to  be  activated, 
and  command  9 (flight  termination)  was  inoperative.  Inspection  revealed  that  the 
squib  to  release  the  Carbon- 14  sampler  gas  was  detonated  as  were  the  squibs  for 
blow  ballast.  These  events  along  with  the  63 -sec  tone  at  1458  Z hr  indicated  that 
a signal  on  the  burst  line  had  tried  to  terminate  the  flight.  However,  fuses  for  the 
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primary  separation  squib  were  blown  and  had  prevented  that  squib  from  firing.  It 
is  believed  that  these  fuses  were  not  checked  prior  to  launch,  and  had  actually 
blown  during  the  tethered  test.  The  cause  of  the  activation  of  the  burst  circuit  was 
traced  to  a marginally  protected  logic  gate  input  which  connects  directly  to  the 
burst  switch.  The  activation  of  the  valve  motor  caused  an  electromagnetic  field  in 
the  parachute  cable  which  coupled  into  this  line  and  induced  more  than  100-  u A 
current  necessary  to  trigger  the  logic.  This  circuit  was  desensitized  to  preclude 
a reoccurrence  of  this  failure  and  similar  gating  equipment  schematics  were 
searched  for  similar  oversights  to  prevent  a related  failure.  This  circuit  was 
virtually  identical  to  that  used  in  Flight  (Test)  No.  1,  Mission  117  2-73. 

Besides  uncovering  a weak  point  in  thehardware,  the  June  flights  pointed  out 
the  need  for  an  extremely  thorough  checklist  to  assure  the  functional  integrity  of 
each  unit  before  and  after  being  integrated  into  the  system.  Appendix  E is  the  latest 
Instrumentation  Checklist.  I use  the  term  latest  because  the  checklist  is  constantly 
evolving  and  adapting  to  the  people  who  prepare  the  system  for  operational  use. 
However,  good  testing  practice  is  maintained  throughout  the  sequence  by  beginning 
at  the  simplest  level  of  each  piece  of  equipment,  setting  the  variables  (usually  times) 
as  they  are  needed,  and  not  disturbing  the  subsystem  once  they  are  checked. 

2.  3.  4.  2 Tests  8,  9,  and  10;  October /November 

Circuits  were  redesigned  to  preclude  the  reoccurrence  of  the  problems  en- 
countered in  June.  A tethered  balloon  test  preceded  the  next  free  flight  to  detect 
any  flaw  which  had  been  overlooked.  Test  8,  Mission  H74-55/H47X,  placed  the 
flight  system  in  a good  approximation  of  the  electromagnetic  environment  it  sees 
during  a routine  flight.  The  system  consisted  of  the  primary  and  back-up  instrumen- 
tation and  their  batteries,  the  samplers  and  DFS  batteries,  a parachute  cable,  a 
simulated  balloon  cable,  and  an  EV-13  gas  valve.  A standard  40.  35  MHz  antenna 
was  used.  This  system  was  assembled  in  the  gondola  and  suspended  from  a balloon 
tethered  with  non -conductive  cables  so  the  transmitting  antenna  was  about  550  ft 
above  the  ground  to  approximate  the  free  space  radiation  patterns.  The  pre -flight 
checklist  for  operational  flights  was  used  during  this  test. 

A most  significant  piece  of  information  was  uncovered  during  this  test.  The 
wire  which  carries  the  signal  from  the  burst  monitor  switch  on  the  parachute  is  in 
series  with  a barometrically  operated  switch  that  closes  at  approximately  3 km 
(10  k ft).  Since  the  tethered  system  would  remain  below  1.  5 km  (5  kft)  this  switch 
was  by-passed.  The  encoder  and  primary  controller  monitor  the  switch  position 
and,  when  the  order  of  applying  power  before  closing  the  switch  was  exchanged,  an 
erroneous  interaction  was  noted.  The  erroneous  interaction  has  been  permanently 
removed  by  the  addition  of  two  steering  diodes  which  permit  current  to  flow  only  to 
ground  through  the  burst  pin  switch  and  not  between  the  two  units.  This  test  fulfilled 
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its  objectives  when  it  uncovered  tins  circuit  deficiency.  It  also  demonstrated  that 
radio  commands  could  be  utilized  during  a balloon  flight  without  jeopardizing  the 
sample  collection  mission,  and  it  developed  a data  base  for  comparison  of  the  trans- 
mitted and  recorded  data.  In  these  data,  the  PR -3  flow  sensor  temperature  was 
excellent  but  the  flow  rate  was  erratic.  A second  tethered  mission  was  planned  to 
further  examine  the  system. 

Test  9,  H74 -56/ H-48X,  equipment  was  configured  as  in  Test  8.  All  data  were 
recorded  through  the  phase  locked  loop  (PPL)  tone  detector  and  recorded  on  a 
strip  chart  recorder.  The  valve  was  cycled  numerous  times  to  insure  that  the 
current  for  the  motor  did  not  interfere  with  the  burst  pin  switch  circuitry  as  in 
flight  H74-35/H-42X. 

The  data  revealed  that  the  flow  rate  sensor  monitoring  circuitry  did  not  act 
properly.  The  complete  primary  instrumentation  with  the  same  data  cable  used 

in  the  flight  was  set  up  in  the  site  laboratory  and  checked  using  the  "Calibration 

17 

Unit  for  PR -3  Flowmeter  System"  manufactured  by  (Litton)  Applied  Science.  The 
encoder  circuit  to  eliminate  the  effect  of  the  PR-3  relay  contact  bounce  was  inade- 
quate; it  was  improved  by  changing  the  RC  time  constants  while  keeping  the  same 
circuit  topology.  (This  check  and  subsequent  correction  was  accomplished  in  the 
field  because  there  were  no  "Calibration  Units"  at  the  headquarters  in  Massachusetts.  ) 

Since  the  equipment  performed  satisfactorily  on  the  two  tethered  tests  and  the 
flow  rate  monitoring  circuit  had  been  improved,  a test  under  operational  sampling 
conditions  was  in  order.  Test  10,  mission  H74-5  1/ H-53X,  was  launched  on  5 Nov- 
ember. The  equipment  was  that  used  on  the  tethered  tests  with  the  exception  of  the 
40.35  MHz  antenna  which  was  a new  quarter  wave  dipole.  It  is  noted  by  D2  in  the 
transmitter  column  of  Appendix  A.  Changing  from  the  standard  antenna  to  this 
dipole  marks  the  removal  of  the  last  piece  of  "standard"  equipment;  with  one  minor 
addition  in  107  6,  the  system  was  now  SCADS -2. 

Prelaunch  checks  were  accomplished  according  to  the  Instrumentation  Checklist. 
The  actual  launch  was  smooth  and  the  flight  continued  uneventfully  with  all  equipment 
functioning  properly;  the  samplers  were  turned  on  and  off  by  the  system  timer. 

After  the  lata  confirmed  that  all  the  samplers  were  off,  the  valve  failsafe  and  pour 
ballast  commands  were  issued  and  verified  to  confirm  that  these  operations  would 
not  adversely  affect  the  balloon  flight  through  an  unforeseen  interaction.  Shortly 
after  these  commands  were  completed,  the  flight  was  terminated  by  command  on 
the  primary  instrumentation  system. 

The  excellent  qualitv  of  the  recorded  and  transmitted  data  resulted  in  a sizeable 
data  base  to  examine.  Two  aspects  of  the  data  were  checked.  First,  accuracy; 


17.  Development  and  Calibration  of  the  PR -3  Flowmeter.  ASD  Report  No.  27  23  by 
R.C.  \Voo<l,  T..R.  C.raf,  I . V.  Nelson,  Applied  Science  Division  of  Litton 
Systems,  Inc. , August  1065,  page  8. 
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that  is,  it  must  be  suitably  close  to  the  "real"  value  of  the  parameter  being  mea- 
sured. Second,  precision;  that  is,  the  datum  points  should  be  closely  grouped. 

The  requirements  were  checked  using  the  transmitted  data  as  recorded  on  the 
Gould  Inc.  strip  chart  recorder  through  the  720  Hz  phase  locked  loop  (PLL)  tone 
decoder.  The  data  were  compiled  and  then  processed  using  a Hewlett-Packard 
9810A  calculator  with  Statistics  Block  11214A.  The  results  in  Hertz  for  60  datum 
points  are  tabulated  in  Table  3;  they  indicated  that  there  was  something  wrong  with 
the  data  on  the  inlet  flow  channel.  At  the  time  it  was  assumed  that  the  trouble  was 
in  the  inlet  PR -3  reed  because  both  flow  data  channels  were  checked  with  the  Litton 
calibration  device  and  both  channels  were  always  within  one  count  of  the  correct 
value.  However,  subsequent  flights  showed  that  this  was  not  the  case;  it  will  be 
discussed  later.  Even  though  one  flow  rate  channel  produced  data  with  an  unusually 
large  standard  deviation,  the  flight  was  a success  because  it  secured  a valid  sample 
and  support  data. 


Table  3.  Flow  Rate  Sensor  Data:  Test  10 


Sensor  Location 

Inlet 

Outlet 

Units 

Hertz 

Hertz 

Mode 

59.75 

58.75 

Median 

59.88 

59.00 

Mean 

64.  88 

59.00 

Variance 

136.9 

0.  6112 

Standard  Deviation 

13.  30 

0.7818 

2.  3. 4.  3 Tests  11  and  12;  December 

These  tests  were  conducted  to  assure  that  the  prototype  equipment  was  func- 
tioning as  expected.  Tracing  the  equipment  by  serial  number  in  Appendix  A shows 
that  the  same  units  were  being  used;  any  changes  were  incorporated  into  the  existing 
circuit  boards  or  chassis.  Test  11,  Mission  H74-65/H-54X  went  very  smoothly  in 
the  command  and  control  sections  but  the  flow  rate  data  was  not  satisfactory.  The 
spread  of  each  channel's  data  is  a little  wide,  especially  the  inlet  data.  The 
Hewlett-Packard  9810A  with  Statistics  Block  11214A  was  used  to  compile  the  sta- 
tistics in  Table  4 for  over  70  datum  points. 

The  standard  deviation  of  the  inlet  flow  rate  data  was  not  too  good;  yet,  the 
encoder  data  channels  checked  out  perfectly  with  the  Litton  calibration  unit  (see 
H74-55/H-45A).  It  was  not  logical  to  assume  that  all  the  PR -3  reeds  were  "bad" 
yet  could  be  calibrated  with  the  PR -3  recorder  systems.  So  it  was  decided  to  set 
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up  the  flight  system  at  the  environmental  chamber  at  Holloman  AFB  and  examine 
the  circuit  with  several  different  reeds  operated  at  a constant  flow  supplied  by  the 
PR  Flow  Testers  (PRFT).  This  test  is  documented  in  Appendix  J;  the  result  was 
an  improved  flow  rate  monitoring  circuit. 


Table  4.  Flow  Rate  Sensor  Data:  Test  11 


Sensor  Location 

Inlet 

Outlet 

Units 

Hertz 

Hertz 

Mode 

42.  5 

52.  25 

Median 

44.  75 

52.  25 

Mean 

45.  33 

52.29 

V ariance 

7.  953 

1.  868 

Standard  Deviation 

2.  820 

1.3  67 

Two  days  after  the  environmental  chamber  test.  Mission  H7  4-55/ H-55X, 

Test  12  was  flown  with  the  encoder  circuit  modified  as  documented  in  Appendix  J. 
Command  and  control  functioned  properly  and  the  flow  rate  data  were  significantly 
improved. 

Using  the  Hewlett-Packard  9810A  with  Statistics  Block  11214A  and  standard 
data  reduction  methods,  statistics  were  compiled  for  the  first  four  flow  data  sets 
(see  Table  5). 


Table  5.  Flow  Rate  Sensor  Data:  Test  12 


Sampler 

DFS  No.  1 

DFS  No.  2 

Sensor  Location 

Inlet 

Outlet 

Outlet 

Units 

Hertz 

Hertz 

Hertz 

Mode 

50.  25 

57.  00 

54.  25 

Median 

49.88 

56.  50 

53.50 

Mean 

49.  85 

56.  18 

53.  20 

Variance 

0.7258 

1.  144 

1.788 

Standard  Deviation 

0.  8159 

1.  070 

1.  337 
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To  further  check  the  quality  of  this  data,  the  volume  (std  cu  ft)  of  air  passing 
through  the  samplers  was  calculated  for  each  PR -3  for  the  first  126  min  of  the 
flight.  This  corresponds  to  the  period  the  balloon  was  above  or  at  24.  1 km 
(79.0  kft).  For  DFS  No.  1 the  inlet  passed  2155  std  cu  ft  and  the  outlet  passed 
2202  std  cu  ft.  The  outlet  of  DFS  No.  2 showed  2153  std  cu  ft  passing  through  the 
sampler.  These  volumes  compare  within  the  accuracy  of  the  system. 

2.3.5  IN-USE  EQUIPMENT 

Two  changes  were  effected  in  the  original  sampling  equipment.  First,  the 
Viable  Systems  Transmitter  and  signal  conditioner  that  replaced  the  Litton  trans- 
mitter, arrived  from  the  vendor  and  were  tested  in  a flight  configuration,  and 
shipped  to  the  operational  field  site  at  Holloman  AFB,  NM,  with  appropriate  docu- 
mentation. They  were  assimilated  into  the  in-use  system  and  precipitated  the 
second  change.  When  the  new  transmitters  were  used  with  the  existing  40.35  MHz 
antenna,  the  range  of  acceptable  reception  was  severely  decreased.  Examination 
showed  that  the  antenna  impedance  was  much  below  the  specified  50  A new 
antenna  (designated  DZ)  was  designed  by  the  author  and  incorporated  into  the  in- 
ventory in  October  197  4. 

2.4  Year  1975 

The  three  consecutive  successful  missions  at  the  end  of  1974  completed  the 
"experimental  circuitry"  phase  and  allowed  197  5 to  be  a period  of  operational  testing 
and  mechanical  fine  tuning.  The  principal  objectives  were  to  finalize  and  document 
the  circuit  layouts  and  to  convert  as  much  circuitry  as  possible  to  printed  wire 
board  while  fabricating  more  equipment  to  ensure  design  repeatability.  Minor 
changes  which  enhanced  the  workability  of  a chosen  approach  will  not  be  discussed 
but  any  new  approach  to  deal  with  an  unforeseen  problem  will  be  documented. 

2.4.1  CONTROL  CHANGE 

Over  several  flights  there  was  an  intermittent  phenomenon  involving  the  sepa- 
ration devices.  Two  of  these  squib  activated  devices,  named  "Tenney  release 
devices"  after  the  machinist  who  developed  them,  are  located  at  the  parachute  apex; 
one  is  activated  by  the  primary  controller  and  the  other  by  the  backup  controller 
(see  Figure  12).  From  October  1974,  when  the  backup  controller  was  introduced 
to  April  197  5,  both  devices  were  activated  on  four  out  of  the  five  free  balloon  mis- 
sions. An  examination  of  the  problem  (see  Appendix  K)  disclosed  that  a ground  loop 
had  inadvertently  been  formed  through  the  metal  devices  which  would  cause  both  to 
be  activated.  Keeping  the  devices  electrically  isolated  solved  the  problem  and  be- 
came standard  practice  on  all  AFGL  balloon  missions.  Figure  13  shows  the  new 
arrangement.  Notice  that  each  device  is  secured  with  a clevis  to  either  the  balloon 
or  the  parachute  to  preclude  dropping  it. 
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Figure  12.  Tenney  Release  Devices  - Original  Configuration 


Figure  13.  Tenney  Release  Devices  - Present  Configuration 


2.  4.  2 DATA  SVSTKM  CHANG!! 


examination  of  temperature  data  from  both  the  in-use  and  new  instrumentation 
showed  evidence  of  a certain  amount  of  almost  sinusoidal  oscillation  of  temperature 
about  the  average  temperature.  In  an  effort  to  locate  a cause  of  this  phenomenon, 
tests  were  conducted  and  it  was  proven  that  at  the  colder  temperatures  where  the 
thermistor  resistance  was  highest  radio  frequency  (RF)  energy  would  have  an  effect 
on  the  data.  Lower  resistance  thermistors  were  ordered  to  eliminate  this  RF  effect 
on  future  missions.  However,  due  to  the  timing  of  the  thermistors'  arrival  they 
were  not  used  with  the  SCADS-2  encoder  until  197  6.  Reference  13  discusses  the 
effect  of  changing  thermistors  on  the  original  system. 


Figure  14. 

Ground  Station: 
Present  Configuration 


2.4.3  THE  GROUND  STATION 

A new  receiver,  the  TMR-1L  by  Regency  Electronics,  Inc.  , was  received  and 
tested  early  in  the  year.  This  small,  inexpensive,  efficient  unit  had  much  better 
sensitivity  than  the  specifications,  and,  after  operational  use  in  April,  several 
more  units  were  purchased.  They  have  been  used  very  successfully  to  this  date. 

In  July,  the  interim  ground  station  mentioned  in  Section  2.2.4  was  replaced 
with  the  present  automatic  ground  station  diagramed  in  Figure  14.  The  design 
utilizes  the  same  approach  as  the  balloon-borne  printer  interface  but  takes  advan- 
tage of  the  printer's  AC  capability.  Mr.  Alan  R.  Griffin,  AFGL/I.CC,  accom- 
plished the  final  electrical  and  mechanical  design  and  supervised  the  fabrication  of 
the  initial  unit  (Figure  15).  The  automatic  ground  station  frees  Control  Center  per- 
sonnel from  the  requirement  to  know  Morse  Code;  the  data  words  are  read  from 
the  printer  and  decoded  in  the  dictionaries  mentioned  in  Section  2.3.  2.  During  a 
normal  mission,  only  channels  1 and  2,  primary  altitude  and  housekeeping,  are 
monitored  continuously.  No  difficulties  have  been  experienced  since  it  was  intro- 
duced into  the  SCADS-2;  so  it  will  not  be  discussed  with  the  individual  flights. 


18.  Cordelia,  R.  H.  , Jr.  , Capt  (1977)  An  Examination  of  the  Temperature  Measuring 
Accuracyof  a Flowmeter  System  Used  with  Balloon-Borne  Atmospheric 
Samplers,  A FGL-YR -77 -0034. 
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Figure  15.  Ground  Station  (Less  Receiver! 


2.4.4  TEST  EQUIPMENT 

Until  the  middle  of  1975  only  the  control  functions  had  a set  of  test  equipment. 
Then,  with  the  system  undergoing  operational  testing,  assurance  was  needed  that 
the  encoder  was  functioning  properly.  An  encoder  test  set  was  designed  to  fill  this 
need.  Because  the  encoder  monitored  signals  from  so  many  active  devices  (pri- 
mary controller,  primary  and  backup  altitude  sensors,  flow  sensors),  the  test  set 
was  built  around  a signal  generator  which  simulated  the  signals  which  these  devices 
produced.  The  generator  is  an  active  device  itself  and  requires  a 13 -V  source  to 
supply  about  100  mA.  It  can  test  the  encoder  separately,  or,  after  it  has  been  in- 
stalled in  the  instrumentation  frame;  plus,  it  can  test  the  data  cable.  When  used  in 
conjunction  with  the  "Model  Thermistor  UUB31J1"  described  in  Reference  18,  it 
can  check  the  accuracy  of  the  temperature  measuring  circuit.  Complete  documents 
tion  is  available  in  Reference  14. 
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2.  4.  5 SAMPLING  EQUIPMENT  ACRONYMS 

As  the  developmental  equipment  was  expanded  and  began  to  assume  part  of  the 
operational  tests,  confusion  was  generated  because  there  was  no  terminology  for 
the  various  equipment  and  gondolas.  They  were  alternately  called  old,  in-use,  new, 
etc.,  including  various  office  symbols  and  surnames.  On  12  August  1975  the  author 
published  two  memos  for  record  which  proposed  the  acronyms  SCADS  for  sampler 
control  and  data  system,  and  SAVE  for  sampler  vehicle.  These  names  have  been 
adopted  for  the  project  equipment.  Table  6 defines  the  instruments  in  SCADS -la, 
lb,  and  2;  SCADS -2a  is  not  yet  available.  The  gondolas  were  numbered  1 for  the 
original  frame,  2 for  a gondola  developed  at  the  operational  detachment,  and  3 for 
the  gondola  developed  by  Mr.  C.  Mitroupoulos  of  AFGL/SURE.  Presently,  SAVE- 
SAVE-3a's  are  being  used.  Table  6 lists  the  equipment  designated  by  the  SCADS 
numbers. 


Table  6.  Instrumentation  and  Configuration 


Item 

SCADS 

la 

lb 

2 

2a 

Primary  System 

Receivers 

Raven,  6 ch 

X 

X 

Zenith,  9 ch 

X 

Raven,  12  ch 

X 

Transmitters 

SST-14 

X 

SC-1 

X 

FMT-1A 

X 

X 

X 

Flight  Regulators 

Control  Unit 

X 

X 

Controller 

X 

X 

High  Current  Switch 

X 

X 

Altitude  Sensors 

B -60 

X 

X 

X 

X 

B -34 

X 

X 

Rosemount 

X 

X 

Data  Systems 

\ PR -3  Flowmeter  System 

X 

X 

l'  PR -3  Flow  Sensor 

X 

X 

X 

X 

Frequency  Encoder 

X 

X 

Printer  w/ Interface 

X 

X 

Homing 

242-MHz  Beacon 

X 

X 

X 

X 

Back-Up  System 

Receiver 

Zenith,  3 ch 

X 

X 

X 

X 

Timer 

X 

X 

b/u  Controller 

X 

X 
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2.4.6  OPERATIONAL  FLIGHTS 

At  this  point  SCADS-2  was  considered  to  be  out  of  the  developmental  state  and 
fit  for  operational  missions;  therefore  the  suffix  "X"  for  experiment  was  dropped 
from  the  mission  number,  in  the  interest  of  clarity,  I will  continue  to  refer  to  the 
test  numbers  assigned  consecutively  in  Appendix  A. 

2.4.6.  1 Tests  13  and  14;  April 

These  tests  were  so  similar  that  except  for  their  altitude  one  set  of  comments 
can  suffice  for  both.  The  former  mission  was  to  21.3  km  (70  kft)  and  the  latter  to 
24.4  km  (80  kft).  The  primary  objective  was  to  obtain  atmospheric  samples;  the 
secondary  objective  was  to  further  qualify  the  new  Ash  Can  electronics  systems. 

Four  new  instrumentation  features  were:  (1)  two  high  current  switches  and  three 
24 -V  BB405  battery  packs  were  used  to  power  three  DFS's;  (2)  the  Air  Serve  Valve 
which  controls  the  DFS  doors  was  controlled  directly  from  the  primary  instrumen- 
taion;  (3)  both  two-wire  and  three-wire  Skinner  magnetic  latch  valves  were  con- 
trolled simultaneously;  and  (4)  a new  telemetry  receiver  (Regency  model  TMR-IL) 

The  extra  24 -V  pack  of  BB405’s  necessitated  placing  the  backup  instrumenta- 
tion on  top  of  the  primary  instrumentation  so  its  usual  position  could  be  used  for 
the  extra  batteries.  This  configuration  kept  the  center  of  gravity  as  low  as  possible. 

The  direct  control  of  the  Air  Serve  Valve,  which  requires  24  V,  enabled  the 
batteries  for  the  DFS  to  be  tapped  at  22.  5 volts.  This  reduced  the  current  drain 
to  approximately  17  A which  resulted  in  the  battery -voltage  remaining  at  the  plateau 
voltage  for  over  4.25  hr  (reference  Eagle-Pitcher  data).  This  was  corroborated 
by  the  DFS  flow  rates  being  very  stable  over  the  entire  4-hr  sample  time. 

The  data  were  of  excellent  quality  and  the  telemetry  signal  was  clear.  All 
flight  objectives,  primary  and  secondary,  were  met. 

2.  4.  6.  2 Tests  15,  16,  and  17;  July 

These  three  flights  were  successful  in  that  they  secured  specimens  and  support 
data  according  to  the  flight  plan;  and,  with  the  completion  of  No.  17  there  were 
eight  consecutive  successful  flights.  However,  none  of  the  three  were  perfect;  each 
had  a slight  flaw  in  the  data  system  function.  Rather  than  try  to  disregard  the 
insight  gained  with  the  passage  of  time,  I will  relate  the  discrepancies,  their 
former  interpretation,  and  their  present  interpretation.  A slight  digression  into 
the  encoder  format  will  be  necessary. 

When  the  encoder  format  was  outlined  in  Section  2.  3.  2,  it  was  described  how 
the  first  three  channels  were  dedicated  to  flight  information  and  the  last  12  channels 
were  dedicated  to  sampler  information.  It  was  not  mentioned  that  a capability  exists 


These  valves  control  the  compressed  gas  which  drives  the  C-14  samplers. 
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to  continuously  cycle  only  the  first  three  channels  plus  the  framing  pulse  which  pre- 
cedes them.  This  provides  altitude  data  about  every  25  sec  and  is  used  at  the  be- 
ginning of  each  flight  to  monitor  balloon  ascent.  The  encoder  is  set  in  this  mode 
automatically  when  power  is  applied.  After  the  system  is  about  3 to  6 km  (10-20  kft) 
in  altitude  the  encoder  mode  is  switched  by  radio  command  to  the  full  15  channel 
mode  which  is  repeated  every  3 min  as  keyed  from  the  primary  controller.  This  is 
usually  used  for  the  remainder  of  the  flight  or  until  the  system  is  on  the  recovery 
parachute.  The  modes  can  be  switched  as  often  as  desired  by  using  the  command 
capability. 

On  test  15,  after  the  balloon  was  released  from  the  launch  device,  the  encoder 
ended  up  in  the  full  data  mode  and,  for  the  first  10  min  of  the  flight,  the  message 
format  (15  twelve-bit  words  every  3 min)  was  itself  disrupted.  After  that,  the 
flight  was  perfect.  At  that  time  this  erroneous  performance  was  attributed  to  a 
C-band  transponder  which  was  placed  on  the  gondola  to  allow  White  Sands  .Missile 
Range  to  track  the  balloon.  However,  even  though  this  interference  could  not  be 
duplicated,  ceramic  by-pass  capacitors  were  added  on  the  input  which  controlled 
the  encoder  message  length. 

Test  16  system  did  not  include  a transponder  and  the  flight  was  virtually  per- 
fect. This  firmed  the  opinion  that  the  interference  on  the  previous  mission  was 
caused  by  the  transponder.  (It  is  now  believed  that  it  was  radio  frequency  inter- 
ference (RFI)  from  the  40.  35  MHz  transmitter.) 

Test  17  again  had  a C-band  transponder;  some  intermittent  data  transmission 
was  noted  during  the  very  early  part  of  the  ascent.  This  was,  at  that  time,  attribu- 
ted to  a malfunctioning  transmitting  antenna  because  it  had  become  badly  twisted 
just  after  balloon  release  but  was  seen  to  untangle  as  the  system  ascended.  This 
untangling  coincided  with  the  resumption  of  normal  telemetry;  the  remainder  of  the 
flight  was  perfect.  Because  these  deviations  from  the  normal  scheme  were  so 
minor  and  could  not  be  attributed  to  any  specific  system  malfunction,  they  were 
documented  as  being  linked  to  the  transponder  and  largely  forgotten.  However,  the 
next  two  attempts  at  flights  using  SCADS -2  were  to  reopen  the  question. 

2.  4.  6.  3 Tests  18  and  19;  October 

These  two  tests  were  catastrophic  failures.  Since  the  preceding  eight  SCADS -2 
missions  were  successful  and  training  of  the  operational  test  site  personnel  was 
proceeding  smoothly,  the  author  was  not  at  the  operational  site  when  Test  18  was 
launched.  The  following  facts  are  from  the  "Post  Mission  Evaluation  and  Critique 
for  Flight  H75-42/H-69"  by  J.  Robert  Greenlee,  1/Lt,  USAF,  the  operational  pro- 
ject officer. 

"Mission  Objectives"  were  to  collect  atmospheric  samples  at  21.3  km  (70  kft). 
However,  due  to  a premature  termination  by  the  SCADS-2  instrumentation  system, 
the  balloon  was  not  successfully  launched  and  mission  objectives  were  not  satisfied. 
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Preparation  of  the  SCADS-2  instrumentation  system  (Serial  No.  01 ) and  SAV  1C- 3 
gondola  proceeded  smoothly  and  on  schedule  during  the  entire  week  before  the 
launch.  At  no  time  during  the  package  checkout  were  difficulties  encountered.  In 
fact,  it  is  noteworthy  that  the  entire  pre-launch  operation  proceeded  smoothly  and 
according  to  schedule.  When  the  package  was  turned  on  after  balloon  inflation,  the 
40.  35  MHz  telemetry  signal  was  received  loud  and  clear  in  the  Control  Center  and 
in  the  instrumentation  van  on  the  line,  and  the  good  signal  continued  until  bubble 
release.  At  that  time,  with  the  launch  vehicle  brakes  still  set,  the  signal  became 
very  garbled  and  unreadable  (only  intermittent  noise  spikes  appear  on  the  strip 
chart  recorder).  This  condition  lasted  for  several  seconds  and  is  followed  on  the 
strip  chart  recording  by  dashing,  indicating  the  primary  instrumentation  to  be  in 
the  termination  sequence.  Personnel  monitoring  the  signal  during  the  launch  run, 
both  in  the  Control  Center  and  in  the  instrumentation  van,  heard  the  dashing  and 
realized  its  significance,  but  before  anything  could  be  done  to  notify  the  crew  chief, 
and  before  release  from  the  BST  took  place,  the  backup  Tenney  device  fired, 
separating  the  parachute  and  balloon.  The  parachute  fell  around  the  payload  (which 
was  still  attached  to  the  BST)  and  was  then  pulled  upwards  by  the  ripline  as  the 
balloon  ascended.  During  this  process  a parachute  suspension  line  became  en- 
tangled around  the  radiosonde,  ripping  it  from  the  payload  when  the  parachute  was 
pulled  vertically.  The  ripline  system  and  ripline  cutter  worked  properly,  and  the 
balloon  came  to  rest  about  50  ft  from  the  taxiway.  An  immediate  inspection  of  the 
system  showed  that  the  ballast -blow  patch  squib  fired,  the  balloon  valve  was  open, 
and  the  parachute  burst  pin  was  not  pulled.  The  SCADS-2  package  continued  to 
transmit  until  it  was  turned  off,  and  a post  flight  inspection  of  the  strip  chart 
recording  by  Capt.  Cordelia  showed  that  the  package  was  in  "long"  cycle  after  the 
incident,  although  primary  channel  1 (Encoder  Key)  had  not  been  issued. 

Inspection  of  the  movies  also  revealed  that  about  30  sec  passed  from  the  moment 
of  bubble  release  until  the  backup  tenney  squib  fired.  Following  the  launch  attempt 
the  payload  and  the  balloon  were  returned  to  the  site  laboratory.  A post  mission 
analysis  of  the  payload  malfunction  was  begun  immediately  with  the  payload  com- 
pletely intact  and  undisturbed.  Both  the  primary  and  backup  packages  checked  out 
perfectly  and  absolutely  no  discrepancies  in  performance  were  noted.  Discussions 
were  initiated  immediately  with  Capt.  Cordelia,  and  based  on  his  suggestions 
several  additional  areas  were  investigated,  but  nothing  was  found  which  helped  to 
explain  the  problem.  Capt.  Cordelia  arrived  on  17  October  to  take  over  the  inves- 
tigation, which  continued  until  20  October. 

The  facts,  when  reviewed  in  the  light  of  the  July  series  which  had  been  con- 
ducted with  the  same  instruments,  led  to  the  conclusion  that  this  was  an  isolated 

BST:  The  launch  vehicle  which  held  the  sampling  system  prior  to  launch. 
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failure  caused  at  bubble  release  by  a discharge  of  static  electricity.  The  failure 
affected  the  primary  controller  by  causing  it  to  go  into  the  termination  mode,  the 
encoder,  by  causing  it  to  go  into  its  "long  cycle",  and  the  backup  controller,  by 
causing  it  to  go  into  its  termination  mode.  A further  conclusion  was  that  the  failure 
was  not  indicative  of  a system  problem.  The  decision  was  made  to  fly  the  SCADS -2 
sn  02  with  the  following  precautions: 

(a)  The  telemetry  receiver  would  be  patched  into  the  magnetic 
tape  recorder  to  preclude  loss  of  data, 

(b)  The  length  of  the  static  isolation  strap  would  be  lengthened 
to  approximately  4 ft  (see  Figure  16), 

(c)  Procedures  were  set  up  to  attempt  to  de-energize  the 
instrumentation  if  the  system  went  into  termination  at 
bubble  release. 


Figure  16.  Isolation  Strap  at  BottomEnd  Fitting 

The  objective  of  Test  19  was  to  obtain  atmospheric  samples  at  24.4  km  (80  kft). 
Preparation  for  flight  H75t43/H70  proceeded  according  to  the  normal  instrumentation 
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check  list,  albeit  very  thoroughly.  All  checks  were  correct  and  on  20  October  1075 
the  system  was  launched  following  a perfect  preflight  checkout.  A receiver  was 
positioned  on  the  flight  line  to  facilitate  observation  of  the  transmitted  data.  At 
bubble  release  a high  frequency  tone  was  noted  in  the  background  of  the  KM  trans- 
mission. The  data  could  still  be  clearly  heard  over  this  tone  and  was  copied  by  the 
phase  locked  loop  filtered  recorder  in  the  control  center.  It  was  not  noticed  at  the 
time,  but  the  transmitted  format  of  the  last  word  in  thirteenth  message  was  garbled 
in  that  some  of  the  bits  were  run  together.  The  instrumentation  initiated  a pre- 
mature termination  sequence  within  moments  of  system  release;  separation  oc- 
curre  1 shortly  thereafter.  System  altitude  at  the  moment  of  separation  was  not 
sufficient  to  allow  proper  parachute  deployment  and  the  payload  impacted  several 
yards  north  of  the  runway.  Extensive  damage  was  imparted  to  the  system  and 
mission  objectives  were  not  satisfied. 

The  utilization  of  the  same  instrumentation  packages  on  the  October  and  July 
flights  with  such  incompatible  results  prompted  a comparison  of  the  overall  con- 
figuration in  the  hope  that  some  differences  would  be  found.  The  comparison  of 
the  five  flights  was  conducted  with  inputs  from  as  many  personnel  of  all  sections 
as  could  attend  the  meeting.  Items  compared  were  balloons  ripline  cutters,  gas 
valves,  Tenney  device  configurations,  static  isolating  strap  length,  launch  arm, 
gondola  type,  instrumentation  type  and  serial  number,  cable  configuration,  relative 
humidity,  types  and  numbers  of  samplers,  and  presence  of  C -band  transponder. 

The  July  and  October  flight  configurations  were  so  similar  that  the  weight  of  the 
24.4  km  (80  kft)  July  flight  and  21.3  km  (70  kft)  October  flight  were  within  4.5  kg 
(10  lb).  Notable  differences  are  balloon  type  and  the  direct  flow  sampler  door 
monitor.  The  direct  flow  sampler  door  monitor  switch  was  first  used  in  October. 

Its  purpose  is  to  report  when  the  sampler  doors  are  not  completely  closed. 

It  was  determined  that  the  exact  cause  of  the  two  failures  may  never  be  known 
but  that  the  extensive  testing  necessary  could  be  more  readily  accomplished  at  the 
home  laboratory  rather  than  at  the  test  site  facilities. 

The  information  gathered  pointed  to  two  possible  causes  of  the  premature  ter- 
minations, static  electricity  and  radio  frequency  interference.  Each  cause  is  vir- 
tually impossible  to  duplicate  in  the  laboratory  and  the  behavior  of  each  is  associated 
with  rapid  changes  in  the  geometry  of  the  balloon  system  at  bubble  release  and  trip- 
late release.  The  static  charge  redistributes  itself  on  the  moving  balloon  system 
and  the  electromagnetic  field  from  the  transmitting  antenna  assumes  a new  shape 
as  the  balloon  pulls  the  system  upright.  The  most  likely  candidate  for  the  problem 
is  the  radio  frequency  interference  (RFI)  from  the  40.35-MHz  transmitter.  How- 
ever, static  electricity  could  not  be  ruled  out  because  of  the  coincidence  of  the 
problem  and  balloon  movement.  Since  extensive  RFI  protection  in  the  instruments 
would  protect  against  static  electricity,  also  this  approach  was  taken  in  preparation 
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tor  a tethered  test.  Conclusions  based  on  the  information  on  hand  in  late  October 
were: 

(a)  The  tone  in  the  background  of  the  data  transmission  was  caused  by 
the  mismatching  of  the  antenna  when  it  was  handled  by  the 
instrumentation  technician  prior  to  launch.  (This  proved  to  be 
correct.  ) An  attempted  fix  was  to  use  a different  antenna,  a 
modified  Z.epp  antenna,  with  an  antenna  chute.  (This  proved  to 

be  a partial  fix  and  will  be  explained  later.  ) 

(b)  The  clock  inputs  of  CMOS  chips  were  more  susceptible  to  RF 
than  the  inputs  of  gates  and  needed  more  protection  than  has 
been  supplied. 

(c)  The  base-emitter  (unctions  of  transistors  were  far  more 
susceptible  to  RF  than  the  CMOS  logic.  These  junctions  could 
be  protected  by  bypass  capacitors  and  a bias  voltage  supplied 
by  a Zener  diode  (see  Figure  17). 


Figure  17.  Typical  Relay  Driver  Protection 


(d)  The  direct  flow  sampler  door  monitor  switch  was  incorporated  in  a 
fashion  that  left  the  encoder  circuit  open.  The  thermistor  was 
connected  to  the  encoder  by  a twisted  shielded  pair  of  wires,  and 
a normally  open  switch  was  inserted  in  series  with  the  thermistor. 
Opening  the  DFS  door  closed  the  switch.  This  was  changed  so  that 
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the  thermistor  always  terminates  the  line  pair  with  a normally  closed 
switch  in  parallel.  The  switch  opens  when  the  DFS  door  opens.  The 
original  method  provided  an  easy  path  for  RF  energy  to  enter  the 
instrumentation.  The  second  method  eliminates  this  hazard. 

Instrumentation  changes  accomplished  for  RFI  protection  are  the  addition  of 
ceramic  capacitors  to  act  as  RF  filters  on  control  lines,  addition  of  a 4 -sec  delay 
on  the  termination  command,  and  lowering  the  value  of  the  pullup  resistors  for  the 
control  signal  lines  from  the  selector.  To  accomplish  the  latter,  the  voltage  regu- 
lators in  the  controller  and  encoder  were  modified  to  increase  their  current  cap- 
ability. Also,  to  protect  the  base -emitter  junction  of  the  transistors  internal  to  the 
Teledyne  7 12TN-12  relays,  a Zener  diode  was  placed  in  series  with  the  emitter  lead. 

It  was  not  possible  to  incorporate  this  modification  on  all  the  relays  prior  to  the 
next  test  because  of  the  difficulty  of  adding  components  to  printed  circuits  (PC) 
boards.  The  diodes  were  added  only  where  the  relay  directly  controlled  squibs  with 
the  understanding  that  the  PC  board  would  be  reaccomplished  to  accommodate  a 
protective  diode  for  each  relay.  During  testing  it  was  noted  that  the  instrumentation 
could  not  be  affected  by  coupling  RF  energy  into  the  cables,  or  by  injecting  it  directly 
into  connectors  for  data  or  control  cables  with  a signal  generator.  However,  by  using 
the  output  of  the  FMT-la  transmitter  through  a capacitor,  the  transmitted  data  could 
be  obscured.  This  was  caused  by  the  high  RF  energy  level  on  the  ground  plane 
keeping  the  transistor  in  the  transmitter  keying  7 12TN-12  relay  energized.  Checking 
the  CMOS  logic  revealed  that  it  was  unaffected  by  the  RF  energy  and  was  performing 
properly.  The  controller  could  not  be  made  to  enter  the  termination  mode  by  using 
RF'  energy.  The  severity  of  the  test  necessary  to  introduce  this  keying  malfunction 
was  interpreted  to  imply  that  such  a problem  during  a flight  was  almost  impossible. 
Also,  in  the  future,  TN  type  relays  would  have  the  Zener  diode  protection.  An 
operational  test  was  now  needed  to  verify  the  laboratory  findings. 

2.  4.  6.  4 Tests  20  and  2 1;  December 

The  purpose  of  the  first  flight  was  to  provide  a tethered  balloon  platform  for 
detailed  equipment  checkout  of  the  SCADS-2  instrumentation  system.  Non-con- 
ductive  cables  were  used  to  anchor  the  tethered  balloon,  because  a primary  area  of 
instrumentation  investigation  was  RF  susceptibility.  The  new  reel -deployable 
40.  35  MHz  Zepp  antenna  was  tested  and  operated  successfully.  It  was  determined 
that  the  command  method  of  changing  message  lengths  was  well  protected  but  the 
automatic  method  of  putting  the  encoder  into  the  complete  message  mode  only  af- 
forded minimal  protection.  The  quality  of  this  protection  was  increased  prior  to 
107  6 flights.  All  mission  objectives  were  satisfied,  and  based  on  the  positive  re- 
sults of  this  mission,  planning  proceeded  toward  a free  balloon  test  flight. 
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As  can  be  seen  in  Appendix  A,  the  same  equipment  was  used  on  the  next 
Mission,  H75-54/H-76X,  as  was  used  on  the  second  October  flight  which  failed; 
only  the  circuit  modification  documented  in  Section  2.  4.  6.  3 and  the  transmitting 
antenna  were  different.  This  mission  was  to  further  test  and  flight-qualify  the 
SCADS- 2 system,  to  collect  UFS  samples,  and  to  flight-qualify  the  newly  designed 
reel-deployable,  40.  35  MHz  transmitter  antenna.  All  mission  objectives  were 
satisfied  with  the  successful  collection  of  a 3-hr  sample  by  both  DFS  experiments 
at  18.3  km.  Deployment  and  operation  of  the  antenna  was  entirely  satisfactory. 

The  instrumentation  system  collected  the  requisite  collateral  data  via  the  on-board 
printer,  but  a telemetry  problem  developed  which  precluded  real  time  data  collec- 
tion. 

The  loss  of  transmitted  data  was  caused  by  KF'  energy  keeping  the  output  relay 
in  the  encoder  energized  after  its  input  signal  had  returned  to  ground  potential. 

This  relay  is  of  the  Teledyne  7 12TN-  12  type  discussed  in  Section  2.  4.  6.  4.  There 
are  two  theories:  first,  as  the  balloon  rises  into  the  less  dense  air,  the  field  of 
transmitting  antenna  changes  because  of  the  varying  properties  of  the  atmosphere 
such  as  density  or  ionization  potential;  second,  as  the  system  goes  further  from  the 
earth,  the  field  of  the  transmitting  antenna  changes  because  of  the  system  capaci- 
tance between  the  balloon  payload  and  the  earth.  In  either  case  the  results  are 
increased  RF  energy  induced  into  the  instrumentation.  The  addition  of  protective 
Zener  diodes  eliminated  the  problem.  Realizing  that  the  effects  of  the  radiated  RF 
energy  must  be  minimized,  it  was  decided  that  the  instrumentation  would  be  shielded 
and  have  RF  filter  connectors  on  the  cables  entering  or  leaving  the  instrumentation 
frame  or  the  backup  controller.  However,  after  researching  connector  cost,  it 
was  decided  to  use  ferrite  beads  mounted  in  small  boxes  to  reduce  the  level  of  the 
RF  energy  (see  Figure  18). 

In  conclusion,  problems  experienced  by  SCADS- 2 instrumentation  to  this  time 
were  documented,  explained  and  corrected.  The  next  free  balloon  mission  would 
prove  or  disprove  the  effectiveness  of  the  measures  taken  because,  as  demonstrated, 
this  type  of  problem  is  extremely  difficult  to  duplicate  in  the  laboratory  or  on 
tethered  balloons. 


Figure  18.  HF1  Filter:  Ferrite  Beads 


The  high  frequency  tone’'  described  in  Section  2.  4.  6.  3 had  occurred  briefly 
at  other  balloon  launchings  when  the  F MT-la  transmitter  was  used  and,  on  tethered 
l est  20,  the  fuse  protecting  the  transmitter  was  blown  during  the  preflight  checkout 
while  the  antenna  was  being  handled.  This  problem  was  examined  at  the  test  site 
laboratory  and  at  AFGL  anti  the  symptoms  were  duplicated.  Tests  showed  that  the 
cause  was  a mismatch  in  the  antenna  impedance  because  of  a marginal  design  in 
the  output  stages  of  the  transmitter.  This  problem  lias  been  eliminated  by  the 
insertion  of  a 50-.MH/.  low  pass  filter  between  the  transmitter  output  and  the  antenna 
fee  l coaxial  cable.  This  filter  must  be  firmly  and  securely  grounded  to  the  same 
ground  plate  as  the  transmitter.  The  initial  flights  of  this  filter  with  an  FMT-la 
sn  (008)  and  a reel  deployable  F M antenna  (1176-03  and  1176-05)  were  excellent.  The 
filter  solved  both  problems.  The  transmitter  must  now  be  tuned  with  the  filter  in 
place.  Further  experimentation  at  LCC  demonstrated  that  the  HF  filters  flown  with 
the  Zenith  and  V iable  receivers  must  also  be  securely  grounded  to  be  effective. 

This  should  be  accomplished  by  physically  securing  them  to  the  instrumentation 
frame  or  using  a heavy  gauge  ground  strap. 


A problem  which  did  not  affect  any  of  the  flights  directly,  but  did  postpone  the 
launch of'l'est  21  occurred  on  18  November.  Receiver/ selector  performance  was 
noted  to  be  incorrect  in  that  the  selector  became  locked  onto  the  first  channel  which 
was  energized,  and  subsequently,  issuing  the  command  for  any  channel  resulted  in 
the  selection  of  the  channel  initially  selected.  The  receiver / selector  problem  was 
duplicated  in  the  laboratory  by  placing  the  receiver  and  transmitter  antennas  in 
close  proximity  to  each  other  and  then  trying  to  select  commands  while  the  trans- 
mitter was  radiating  through  its  antenna.  Radiated  RF  energy  developed  a voltage 
across  the  diode  on  the  output  of  the  operational  amplifier  in  the  reed  switch  com- 
mand decoder  box.  This  added  voltage  would  latch  the  amplifier  into  its  "on" 
position  precluding  selection  of  other  commands.  This  problem  was  solved  by  the 
addition  of  ceramic  0.  01  pm  capacitors  from  both  sides  of  the  diode  and  series 
resistor  to  ground  on  each  operational  amplifier  output.  Capacitors  were  also 
added  to  the  audio  input  line  and  the  voltage  regulator.  All  resonant  reed  decoders 
were  subsequently  modified. 

A memo  on  operating  power  source  current  requirements  for  the  DFS's  (Ap- 
pendix C)  was  written  in  this  year  and  in  October  a design  to  modify  some  SCADS- la 
control  units  to  handle  three  DFS's  was  formulated  from  this  location. 

In  September  there  were  extensive  discussions  about  the  accuracy  and  repeat- 
ability of  the  PR-3  flowmeter  system.  These  discussions  were  instrumental  in  the 
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decision  to  change  the  thermistor  and  document  the  results. 

2.5  Year  1976 

The  preceding  development  and  test  effort  paved  the  way  for  defining  the 

system.  Therefore,  all  system  documentation  was  reviewed  and  reaccomplished 
14 

where  necessary.  All  of  the  preceding  year's  flights  fell  under  the  configuration 
of  Figure  B7.  The  addition  of  the  RF  filters  on  the  data,  control  and  power  cables 
plus  the  low  pass  filter  on  the  Viable  40.  35-Mhz  transmitter  changed  the  configura- 
tion to  that  shown  in  Figure  B8. 

2.  5.  1 CONTROL  CHANGES 

There  was  one  addition  to  the  system's  control  capability;  a burst  monitor 
switch  was  added.  This  circuit  enables  the  flight  director  to  disable  the  burst 
switch  circuit  by  radio  command  before  the  system  has  reached  the  circuit  arming 
altitude.  The  need  for  this  capability  could  arise  if  the  burst  pin  was  inadvertently 
pulled  at  launch  and  was  therefore  incorrectly  indicating  that  the  system  was 


18.  Cordelia,  R.  H. , Jr.,  Capt  (1977)  An  Examination  of  the  Temperature  Measuring 
Accuracy  of  a Flowmeter  System  Used  with  Balloon-Borne  Atmospheric 
Samplers,  AfCL-,I'R-77-0034. 
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it  launch,  cu 


Figure  19.  Burst  Pin  Assembly  on  Parachute 


An  important  component  which  does  not  show  up  on  the  schematics  but  which 
is  essential  to  the  physical  configuration  of  the  equipment  is  the  printed  circuit 
(PC)  work.  With  the  finalizing  of  the  circuits  all  PC  boards  were  reviewed  and 
several  were  reaccomplished  to  correct  component  spacing,  etc.  This  is  further 
documented  in  Section  2.  5.4.  1. 

2.  5.  2 DATA  SYSTEM  CHANGES 

1 here  was  one  principal  data  system  change  which  necessitated  several  small 
adjustments.  In  March,  the  encoder  circuit  which  monitors  the  PR- 3 flow  sensor 
thermistor  was  modified  to  accept  a Fenwal  bead  thermistor— UUB3 1J1.  To  fully 
utilize  the  potential  of  the  curve-matched  thermistor,  the  temperature  measuring 
circuit  was  modified  so  that  a set  of  individual  circuits  could  be  adjusted  to  within 
an  acceptable  accuracy  envelope.  A major  benefit  is  the  ability  to  use  one  tempera- 
ture dictionary  (Appendix  G)  for  all  the  encoders.  The  modification  was  extremely 
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simple  and  left  the  circuit  topology  unchanged.  Two  fixed  resistors  in  the  tempera- 
ture scaling  circuit  were  replaced  with  variable  resistances.  Each  resistance  acts 
upon  the  circuit  in  a basically  independent  fashion;  one  changes  the  warmest  indi- 
cated temperatures,  and  the  other,  the  coldest  indicated  temperatures.  Each 
extreme  was  adjusted  for  zero  error  according  to  the  dictionary.  The  accuracy 
envelope  for  the  encoders  on-hand  was  ± 0.  7°C  over  the  temperature  range  + 20°C 
to  -80°C. 

After  these  changes  were  accomplished,  tested,  and  documented,  the  encoder 
test  set  was  modified  to  accommodate  the  bead  thermistor  resistances. 

2.  5.  3 SENSORS 

As  mentioned  earlier,  the  search  for  a follow-on  primary  altitude  sensor  never 
really  ended.  Several  new  digital  pressure  trandsucers,  the  Hamilton  Standard 
Model- ID,  were  ordered  for  evaluation.  Apparently  these  devices  are  stable  enough 
to  be  standards  themselves;  therefore,  if  they  function  over  the  pressures  experi- 
enced between  sea  level  and  40  km  they  may  eventually  replace  the  B-60's.  19 

2.5.4  OPERATIONAL  FLIGHTS 

After  the  experience  gained  at  the  end  of  1975,  the  prognosis  was  for  quick 
conformation  of  the  "fix"  described  in  the  previous  year  documentation.  The 
SAVE-3  gondola  was  utilized  (see  Figure  20).  Compare  it  to  Figure  6 and  note  the 
lower  center  of  gravity  obtained  by  moving  the  ballast  hopper  up  on  either  side  of 
the  batteries. 

2.  5.  4.  1 Test  22;  April 

Mission  H76-19/H-84X  was  to  be  a routine  sampling  mission  to  18.  3 km  (60  kft). 
After  a smooth  checkout,  launch  and  antenna  deployment;  the  primary  controller 
went  into  the  termination  mode,  ending  the  flight  at  10  kft  altitude.  At  impact  the 
parachute  draped  over  22-kV  lines  causing  extensive  damage  to  the  system  cables 
and  instruments.  Checking  the  circuits  for  the  problem  disclosed  that  the  impact 
switch  circuit  was  in  error;  that  is,  it  was  not  fabricated  in  accordance  with  the 
documentation.  Therefore,  all  system  documentation  was  inspected  and  all  hard- 
ware was  checked  by  at  least  two  people  for  compliance  to  the  prints.  This  check 
included  circuit  topology  and  component  values.  The  system  was  rebuilt  and  under- 
went rigorous  laboratory  testing. 


Figure  20.  Gondola:  SAVE-3 


2.  5.4.2  Tests  23  and  24;  November 

A comprehensive  HIT  test  was  scheduled  before  a free-balloon  flight.  All 
normal  radiators  would  be  operated  on  the  flight  system  simultaneously.  The 
radiating  equipments  were  a radiosonde,  I-'MT-la  transmitter,  homing  beacon, 

FAA  transponder,  and  C-band  transponder.  The  system  was  prepared  as  if  it  were 
to  be  a free  flight  and  a condensed  sequence  of  commands  and  timer  initiated  events 
wa_  scheduled  to  simulate  a complete  mission.  The  results  of  Test  23,  Mission 
H76-65/H- 102X  were  perfect. 

The  sequence  of  command  and  timer  activated  events  were  completed  as 
scheduled  in  a flawless  manner.  The  data  tapes  for  the  flight  recorder,  ground 
recorder,  and  a phase  locked  loop  detected  strip  chart  record  of  the  audio  were 
compared  on  this  date.  The  data  on  the  flight  and  ground  station  tapes  corresponded 
within  the  resolution  of  a digital  system  (t  1/2  bit).  The  data  on  the  ground  re- 
corder were  interrupted  by  the  replies  from  the  Zenith  receiver/selector  system. 
This  was  confirmed  by  referring  to  the  strip  chart  record.  There  was  no  hint  of 
RF  interference  in  the  data  or  time  code  portions  of  the  flight  recorder  tape.  The 
replies  from  the  FAA  and  C-band  transponders  were  clearly  received  by  the 
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appropriate  agencies  during  the  test.  The  previously  experienced  KIT  problems 
(on  flights  H-69,  H-70,  H-75X,  H-76X)  had  either  been  solved  or  were  such  that 
they  could  not  be  explored  by  this  type  of  test. 

Test  24  was  ready  for  launching  3 days  after  the  tethered  balloon  test.  A 
4-hr  sampling  mission  was  successfully  accomplished.  Three  specimens  and 
support  data  were  gathered;  data  quality  was  excellent;  the  control  system  performed 
flawlessly. 

The  automatic  ground  station  recorded  data  for  the  entire  mission  until  the 
system  was  below  about  6.  1 km  (20  kft)  on  the  parachute.  This  loss  of  signal  as 
the  parachute  returns  the  system  to  earth  is  normal  when  the  instruments  pass 
below  the  radio  horizon. 

2.5.5  COMMENTS 

Other  sampling  missions  were  planned  for  the  remainder  of  1976  but  this  in- 
strumentation system  was  virtually  destroyed  when  the  parachute  contacted  a 
345-kV  power  line  northeast  of  Truth  or  Consequences,  New  Mexico.  After  having 
almost  three  complete  systems  in  October  1975,  we  now  had  no  operational  equip- 
ment left  that  could  be  flown  without  extensive  rehabilitation. 

2.5.6  IN-USE  EQUIPMENT 

Several  changes  to  the  SCADS- la  system  were  accomplished;  none  were  fore- 
seen at  the  beginning  of  the  project  but  the  delay  in  introducing  SCADS- 2 in  opera- 
tionally significant  numbers  required  action. 

The  control  units  which  had  been  transferred  to  AFGL  (then  AFCRL)  in  the 
early  197  0's  were  very  well  worn  and  required  extensive  maintenance  or  replace- 
ment. Therefore,  new  control  units  were  fabricated  at  the  field  test  site  at 
Holloman  AFB,  NM.  These  units  were  schematically  identical  to  the  units  being 
replaced.  With  two  exceptions,  first,  several  of  the  new  control  units  had  the  cap- 
ability to  control  three  DFS's;  second,  each  unit  could  control  a ballast  hopper  in 
lieu  of  the  quantized  ballast  slugs.  The  control  of  three  DFS's  was  instituted  in  1975 
for  some  of  the  control  units  and  it  was  carried  forward  into  the  new  units.  These 
units  have  been  in  use  since  early  1976  and  are  functioning  properly. 

To  facilitate  calculation  of  the  capacity  of  BB405  batteries  for  the  DFS,  a 
graphical  tool  was  designed  and  distributed  to  the  field  test  site,  (see  Appendix  C). 

As  mentioned  earlier,  new  FM  40.  35-MHz  receivers  had  been  procured  for  the 
field  test  site.  Prior  to  shipment  to  Holloman  AFB,  an  emitter  follower  amplifier 
was  added  to  the  discriminator  output  to  facilitate  the  operation  of  the  SCAD- la 
ground  station.  The  amplifier  precluded  the  necessity  of  the  data  going  through  the 
audio  amplifier  which  drives  the  receiver  speaker,  resulting  in  a much  cleaner 
signal.  A second  benefit  is  that  the  receiver  volume  may  be  varied  without  dis- 
tributing the  signal  to  the  ground  station. 
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Between  February  and  August  three  test  flights  of  the  Fenwal  bead  thermistor 
in  the  PR-3  flowmeter  system  were  accomplished.  Based  on  the  results  of  these 
flights  this  thermistor  was  adopted  for  routine  PR- 3 use.  This  will  result  in 
improved  data  now,  and  will  prepare  the  flow  sensors  for  operation  with  the 
SCADS-2  encoder.  Results  of  the  tests  are  documented  in  Reference  18. 


3.  COMMENTS  AND  CONCLUSIONS 

3.1  Objectives 

The  initial  objectives  stated  in  Section  1.  5 were  met  and  exceeded  in  both  the 
ground  equipment  and  the  flight  equipment.  In  the  flight  equipment,  the  control 
system  was  tailored  to  the  existing  control  devices  and  balloon  equipment,  and  the 
data  system  was  tailored  to  the  in-use  sensors.  In  both  cases  the  performance  of 
SCADS-2  equipment  surpasses  SCADS- la  equipment.  The  SAVE- 3 gondola  provides 
a central  core  on  which  to  assemble  repeatable  flight  configurations.  The  auto- 
matic ground  station  provides  a complete  record  of  the  flight,  with  time  codes,  and 
requires  no  attention  after  the  time  code  generator  is  synchronized. 

3.2  Documentation 

The  instrumentation  and  supporting  software  are  fully  documented.  Volume  2 
14 

of  the  project  handbook  contains  over  two  hundred  pages  of  schematics,  wiring 
tables,  and  parts  layouts  and  lists.  The  computer  programs  are  documented  in  the 
appendices  to  this  report.  Also  the  accuracies  of  the  principal  sensors  are  defined; 
the  B-60  altitude  sensor  in  Table  2,  the  PR- 3 flow  sensor  in  Appendix  J and  the 
PR-3  temperature  sensors  in  Section  2.5.  2. 

3.3  Functional  Verification 

Nine  pieces  of  test  equipment  and  a comprehensive  test  procedure  have  been 
provided  to  facilitate  extensive  inspection  before  a mission. 

3.4  Additional  Flights 

Beginning  in  late  1976  arrangements  were  made  to  have  New  Mexico  State 
University,  Physical  Science  Laboratory,  fabricate  and  operate  the  SCADS-2. 

Using  AFGL  documentation14  plus  a physical  model.  University  personnel  fabricated 
a complete  SCADS-2  by  mid- 1977.  In  this  context  "complete"  means  flight  hardware 
exclusive  of  transmitters  and  receivers,  test  equipment,  and  a ground  station. 
Simultaneously,  AFGL  personnel  fabricated  a new  set  of  flight  equipment.  In  early 
August  1977,  an  extensive  series  of  bench  tests  using  both  AFGL  and  University 
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fabricated  equipment  established  the  interchangeability  of  all  component  modules 
between  the  two  systems  and  certified  their  operational  readiness. 

During  the  remainder  of  1977  two  operational  missions  were  performed  with 
each  set  of  equipment.  The  results  were  very  gratifying;  the  SCADS- 2 performed 
perfectly  on  each  mission. 


References 


1.  Cordelia,  R.  H. , Jr,,  Capt  (1974)  A control  and  telemetry  system  for  a balloon- 

borne  air  sampling  package.  Proceedings,  Eighth  AFCRL  Scientific  Balloon 
Symposium,  30  September  to~3~October  1974,  AFCRL-TR-74-0393,  pp  451-476. 

2.  Instruction  Book:  Command  Receiver / Decoder,  Raven  Industries,  Inc. , 

Box  1007,  Sioux  Falls,  South  Dakota  57101. 

3.  Handbook  of  Instructions  for  Dual  Frequency  Command  Receiver  BCR-4B, 

Developed  for  Air  l'orce  Cambridge  Research  Center,  Air  Research  and 
Development  Command,  Bedford,  MA  01731,  under  Contract  No.  F19650- 
67-0053,  15  March  1967.  Manufactured  by  Military  Division,  Zenith  Radio 
Corporation,  6501  West  Grand  Avenue,  Chicago,  Illinois  60635. 

4.  Final  Engineering  Report  on  Command  Selector  BCS-2A-3818,  Prepared  for 

Electronic  Systems  Division,  AFCRL(AFSC),  Laurence  G.  Hanscom  Field, 
Bedford,  MA  under  Contract  No.  AF19(628)-3818,  12  December  1964. 
Government  and  Special  Products  Division,  Zenith  Radio  Corporation, 

6501  West  Grand  Avenue,  Chicago,  Illinois  60635. 

5.  Handbook  of  Instructions  for  Command  Receiver  BCR-3A-477,  developed  for 

AF  Cambridge  Research  Center.  Air  Research  and  Development  Command, 
Bedford,  MA  under  Contract  No.  AF19(628)-477,  15  April  1963,  Manufactured 
by  Military  Division,  Zenith  Radio  Corporation,  6501  West  Grand  Avenue, 
Chicago,  Illinois  60635. 

6.  Handbook  of  Instructions  for  Data  Transmitter  BCG-3A,  prepared  for  AFCRL, 

Bedford,  MA  under  Contract  No.  F 1 9650-67 -C-0053,  1 March  1967. 

Military  Division,  Zenith  Radio  Corporation,  6501  West  Grand  Avenue, 

Chicago,  Illinois  60635. 

7.  SS/T14  Telemetry  Transmitter  Technical  Handbook:  ASP  Document  No.  3335, 

prepared  for  Department  of  the  Air  Force,  Detachment  31,  6th  Weather 
Wing  (MAC),  Goodfellow  AFB,  Texas  76901  under  Contract  No.  F41614-69- 
R-0442,  July  1969.  Applied  Science  Division,  Litton  Systems,  Inc., 

2003  East  Hennepin  Avenue,  Minneapolis,  MN  55413. 


61 


References 


6*  PK-3  Flowmeter  System  Technical  Handbook:  ASP  Document  No.  3330, 
prepared  by  Department  of  the  Air  Force,  Detachment  31,  fith  Weather 
Wing  (MAC),  Coodfellow  AF'B,  Texas  76901  under  Contract  No.  1-41614-69- 
H-0442,  June  1969.  Applied -Science  Division,  Litton  Systems,  Inc., 

2003  Last  Hennepin  Avenue,  Minneapolis,  MN  55413. 

9-  Model  B-60  Balloon  Altitude  Sensor.  Specification  No.  SK1595,  28  October  1970. 
Applied  Science  Division,  Litton  Systems,  Inc. 

B-34  Baro-Transmitter  Technical  Handbook:  ASP  Document  No.  3333  pre- 
pared  for  Department  of  the  Air  Force,  Detachment  'i  1,  6th  Weather  U ing 
(MAC);  Coodfellow  AFB,  Texas  76901  under  Contract  No.  F4 16  14-69- K-0442, 
July  1969.  Applied  Science  Division,  Litton  Systems,  Inc.,  2003  West 
Hennepin  Avenue,  Minneapolis,  Minnesota  55413. 

>L  C.  K.  Silicon  Controlled  Rectifier  Manual,  edited  by  F.W  . Gutz  wilier,  prepared 
lor  General  Electric  Company,  3800  North  Milwaukee  Avenue, 

Chicago,  Illinois  60641,  1967,  pp  153-155. 

12-  Hi-C  Relay  Engineering  Manual,  Document  No.  HE  ill-1164,  by  Hi -G  Incorporated, 
Windsor  Locks,  CO  06096,  1964,  pp  6,  7,  and  11. 

13.  Instruction  Manual  for  Model  FMT-1A  FM  Transmitter,  AFC  HI,  Contract  No. 

F 19650-74-C-0407,  May  1974.  Viable  Systems,  Incorporated,  299  Second 
Avenue,  Needham  Heights,  MA  02194. 

14.  Cordelia,  R.  H. , Jr.,  Capt  (1977)  Project  Ash  Can  Atmospheric  Sampling 

Handbook.  Volume  II,  Instrumentation:  SCADS-2,  AFGL,  Aerospace 
Instrumentation  Division,  Hanscom  AFB,  MA  01731. 

!5.  Instruction  Manual:  Model  No  CMMP-6A.  July  1973,  Practical  Automation 
Inc.,  Trapp  Falls  Hoad,  Shelton,  CO  06484. 

16.  The  ARRL  Antenna  Book,  published  by  the  American  Radio  Relay  League,  Inc., 

Newington,  CO,  1974,  pp  108,  109,  and  116. 

17.  Development  and  Calibration  of  the  PR-3  Flowmeter,  ASD  Report  No.  27  23  by 

R.  C.  Wood,  L.  R.  Graf,  L.  V.  Nelson,  Applied  Science  Division  of  Litton 
Systems,  Inc.,  August  1965,  page  8. 

18.  Cordelia,  R.  H. , Jr.,  Capt  (1977)  An  Examination  of  the  Temperature  Aleasuring 

Accuracy  of  a Flowmeter  System  Used  with  Balloon-Borne  Atmospheric  & 

Samplers,  ATGL-TR-77-0034.  c 

19.  Cordelia,  R.  H. , Jr.,  Capt  (1978)  An  Autoranging  Balloon  Altimeter:  A Single 

Pressure  Transducer  Monitors  Altitude  from  0 to  44  Kilometers  with 
30  Meters  Resolution,  AFGL-TR-78-0023. 


62 


Appendix  A 


Tabulation  of  Flight  Equipment  Usage 


This  Appendix  reviews  for  each  flight  the  flight  equipment  and  the  active 
samplers.  It  also  proposes  two  "Figures  of  Merit"  (FOM)  to  gauge  the  flights' 
acceptability.  The  first  FOM,  sample  acceptability,  is  strictly  binary;  sample 
with  data,  or  fail.  The  second  FOM  can  vary  from  0 to  1 (nothing  worked  to  every- 
thing worked)  and  is  an  attempt  to  note  the  overall  instrumentation  performance. 

This  numerical  indicator  is  based  on  25  points  allocated  as  follows;  receiving 
system  1,  controller  commands  9 and  timer  3,  encoder  format  5,  altitude  sensors  2, 
housekeeping  data  1,  flow  data  1,  temperature  data  1,  recorded  data  1,  and  recorded 
time  code  1. 


Appendix  B 

Flight  System  Configurations 


FLOW /TEMPERATURE  SENSORS 


Figure  Bl.  Original  System  Configuration 
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Figure  B2.  Flight  (Test)  No.  1 Configuration 
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PARACHUTE  SEPARATE 


70 


Figure  B5.  Flight  (Test)  No.  4 Configuration 
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Appendix  C 

Information  to  Support  Direct  Flow  Samplers 

Cl.  GENERAL 

The  following  information  appeared  as  memos  for  record.  Section  C2  appeared 
in  March  1975  and  Section  03  appeared  in  November  197  6. 

C2.  VOLTAGE  AND  CURRENT  REQUIREMENTS  FOR  THE  DFS 

On  10  March  a memo  containing  DFS  current  vs  voltage  data  collected  at  the 
Holloman  AFB  environmental  chamber  was  received  by  the  author.  These  data  were 
averaged,  retabulated  (Table  Cl)  and  graphed  to  facilitate  its  assimilation. 

Figure  Cl  displays  this  family  of  current  vs  voltage  curves  for  five  altitudes. 
Each  curve  is  the  best  straight  line  through  the  average  current  points  for  the 
various  voltages.  The  vertical  lines  through  the  average  current  points  represent 
the  limits  of  the  averaged  current  data  from  two  DFS's. 

C3.  DISCHARGE  CAPACITY  OF  BB-405/U  BATTERIES 

Eagle-Pitcher  BB-405/U  batteries  are  nominally  rated  at  60  Ah  at  the  6-hr  rate. 
However,  graphs  transmitted  from  Eagle-Pitcher  on  18  March  1975  further  define 
the  Ah  rating  as  a function  of  current  drain. 

Pursuing  an  accurate  estimate  of  available  energy  I plotted  current  capacity  on 
various  types  of  paper  to  establish  a usable  tool. 
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Table  Cl.  Average  DFS  Current  vs  Voltage 


Voltage 
(dc  volts) 

Average  Current  (amperes) 

(Altitude  (k  ft) 

60 

70 

80 

90 

100 

19.  1 

17. 9 

— 

— 

— 

— 

19.  2 

— 

— 

13.  0 

— 

— 

19.  3 

— 

15.  1 

— 

— 

— 

19.  5 

18.  1 

15.  3 

12.  8 

10.  9 

9.  3 

20.  5 

18.  9 

— 

— 

— 

— 

20.  8 

— 

15.7 

13.4 

— 

— 

21.  0 

19.  1 

16.  1 

13.  3 

11.3 

9.7 

22.  0 

19.  6 

16.  5 

13.  9 

— 

— 

22.  5 

20.  3 

16.9 

14.  0 

— 

10.  1 

23.0 

20.7 

— 

— 

12.  3 

— 

23.7 

— 

17.  2 

14.  2 

— 

24.0 

22.  3 

17.9 

14.  6 

10.  4 

Plotting  hours  and  Ah  vs  current  for  BB-405  batteries,  produced  virtually 
straight  lines  on  log-log  paper.  The  graph  is  Figure  C2. 

A 90  k flight  of  three  DFS's  will  be  used  as  an  example. 

(a)  Current  for  one  DFS  at  90  kft  altitude  with  22.5  Vdc  applied  is  13  A,  worst 
case.  Three  samplers  powered  by  two  parallel  batteries  will  draw  19.  5 A per 
battery,  assuming  both  batteries  are  in  identical  condition.  Referring  to  Figure  C2, 
19.  5 A will  be  available  for  4.  1 hr  which  yields  7 9.  95  Ah.  Three  DFS's  running 
for  4 hr  on  two  BB-405  packs  tapped  at  a 22.  5 Vdc  require  156  Ah;  the  batteries 
can  supply  159.  9 Ah.  The  ratio  of  required  to  available  Ah  is  0.  9756  which  cor- 
responds to  a safety  factor  of  2.  44  percent. 

(b)  A quicker  way  to  obtain  similar  information  will  be  demonstrated  with  the 
best  case  current.  Under  the  same  conditions  as  above,  best  case  current  is  11  A 
per  sampler  or  16.  5 A per  22.  5 Vdc  battery.  From  the  graph,  16.  5 A will  be 
available  for  5 hours.  One  hr  more  than  needed  corresponds  to  20  percent  safety 
factor  referenced  to  the  battery  capacitor. 

(c)  Check  the  answer  in  (a)  using  the  method  of  (b).  Current  is  available  for 
4.  1 hr  or  0.  1 hr  extra.  The  ratio  of  the  extra  to  the  available  corresponds  to  a 
safety  factor  of  2.  44  percent. 
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Figure  Cl.  DFS  Current  vs  Voltage  and  Altitude 
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Appendix  D 

Progress  Report:  18  July  1973 


I 


L 


The  goal  of  the  Ash  Can  revision  is  to  modify  by  replacement  if  necessary  the 
system  in  such  a way  as  to  meet  all  present  and  projected  aims.  This  will  include 
a state  of  the  art  electronics  package  or  packages  and  a universal  assembly  tech- 
nique built  around  a common  central  package.  The  system  electronics  will  be  dis- 
cussed first. 

Studying  the  manuals  for  the  sampling  equipment  and  support  equipment  in  con- 
junction with  the  AEC  Sampling  Handbook  revealed  that  there  was  no  system  diagram 
of  the  total  system  or  any  of  the  three  major  configurations.  To  facilitate  under- 
standing the  system,  a system  schematic  was  drawn  in  July  197  2.  The  existing 
system  consists  of  aMotorola  VHF-FM  (188.06  MHz)  receiver  and  a six  channel 
selector,  a control  unit,  the  B-60  altitude  censor,  the  SS/T  14  telemetry  trans- 
mitter VHF-FM  (40.  35  MHz),  the  B-34  baro -transmitter,  plus  the  samplers  and 
support  equipment  for  gathering  the  flow  data.  This  system  is  backed  up  by  a 
HF-AM  (5-10  MHz)  command  receiver  and  a flight  termination  timer.  Five  of  the 
six  available  channels  in  the  primary  package  are  used  for  ballast,  sample  on, 
sample  off,  termination  and  antenna  drop.  The  backup  package  has  gas  valve 
failsafe,  gas  valve  latch  and  termination.  Note  that  the  balloon  gas  valve  is  not 
controlled  through  the  primary  package.  Also,  altitude  data  is  transmitted  in  two 
modes:  first,  a course  altitude  via  the  B-34,  and  second,  a float  altitude  from  the 
B-60  through  the  T-14.  Utilizing  the  now  more  complete  and  more  easily  under- 
stood documentation,  the  system  was  analyzed  with  respect  to  what  was  wanted  and 
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how  it  was  led  to  a list  of  deficiencies  which  could  be  corrected  through  modifica- 
tion or  addition. 

These  deficiencies  not  only  pointed  out  some  inadequacies  with  the  in-use 
system,  but  pointed  the  way  for  the  new  system;  therefore,  a table  (Dl)  is  used  to 
compare  the  two  systems.  However,  a yes/no  analysis  overlooks  some  of  the  fine 
points  involved.  For  example,  look  at  the  interaction  of  sampling  and  balloon  alti- 
tude. The  sample  can  only  be  collected  between  certain  altitudes,  for  a given 
period  of  time.  If  the  balloon  begins  to  ascend  you  can  valve  for  control  in  both 
systems;  but  in  the  in-use  system,  if  the  balloon  begins  to  fall,  you  can't  ballast. 

You  can  only  shut  off  the  samplers  as  you  approach  the  lower  boundary  of  the  samp- 
ling zone  and  terminate  the  flight.  In  the  new  system,  you  can  shut  off  the  samplers, 
pour  ballast  from  the  ballast  hopper,  restart  the  samplers  after  the  altitude  has 
been  corrected  and  continue  to  sample  for  the  full  period.  Also,  at  termination  by 
any  means  (timer,  command,  balloon  burst),  should  the  samplers  be  on,  they  will 
be  shut  off  20  sec  before  ballast  is  blown  for  the  descent. 

Once  the  functions  of  the  new  system  were  identified  as  outlined  in  the  table 
(Dl),  then  a choice  on  how  to  effect  the  equipment  design  was  made.  The  excessive 
power  requirements  and  weight  of  the  present  system  spurred  the  drive  for  low 
weight  and  minimum  power  consumption  which  led  to  the  CMOS  CD4000A  logic 
family.  "The  CD4000A  series  with  over  60  standard  parts  has  long  passed  the  cri- 
tical number  of  off-the-shelf  items  required  of  an  established  series.  It  is  manu- 
factured by  at  least  seven  companies;  all  have  custom  capability  in  addition  to 
standard  parts.  At  this  point,  the  new  system  will  be  outlined. 

The  simplest  version  of  the  system  must  contain  several  basic  components: 

(1)  a receiver  for  the  commands,  (2)  a control  unit  to  interpret  the  commands,  sense 
balloon  activities,  and  route  information,  (3)  an  encoder  to  process  and  multiplex 
this  data,  (4)  a transmitter,  to  send  data  from  the  encoder  to  the  ground  station, 

(5)  the  samplers  and  flow  sensors.  The  UTMT's,  gas  bottles,  etc.  are  considered 
part  of  the  sensors.  The  samplers  and  flow  sensors  are,  of  course,  already  in  the 
inventory.  The  receiver  is,  to  the  control  unit,  only  a set  of  contacts  which  are 
open  or  closed  (grounded).  The  transmitter  is  only  a port  or  a set  of  ports  into 
which  a signal  or  signals,  can  be  fed.  This  leaves  the  control  unit  and  the  encoder 
to  think  about.  Since  we  still  have  a choice  on  the  output  of  the  encoder  for  one  or 
several  outputs,  let  us  look  at  the  choices  for  the  overall  system  by  putting  re- 
ceivers and  transmitters  around  the  set  of  remaining  units  and  see  what  we  learn. 


^Computer  Design,  May  197  8,  p 105,  Kaare  Karstad,  "CMOS  for  General 
Purpose  Logic  Design". 
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Table  D1 


ITEM 


SYSTEM 

IN  USE  PROTOTYPE 


Balloon  Functions  (Main  Package) 

Valve  Failsafe  N 

Ballast:  Drop  Slugs  (15-25  lbs  each)  Y 
Pour  Dust  and  Monitor  N 

Blow  all  ballast  N 

Burst  Pin:  Monitor  N 

Termination  N 

Impact  Switch:  Switch  Y 

Termination:  Timed  N 

Command  Y 

Safety  Altitude  and  Time  N 

Back-up  Package 

Valve  Failsafe  Y 

Valve  Latch  Y 

Termination  Y 


Key:  N-No 
Y-Yes 
I-Improved 

Instrumentation 


Altitude  Sensor  Y 

Recorded  Float  Altitude  N 

Valve  Monitor  N 

Ballast  Monitor  N 

Burst  Pin  Monitor  N/A 

Homing  Section:  Terminate  Y 

(Beacon)  Switchable  N 

Sample  Protection  (at  Termination)  N 

Altitude  Plus  Time  Turn-On  Y 

Timed  On  N 

Timed  Off  Y 

Command  On  Y 

Command  Off  Y 

Rotate  Package  Y 

Gas  Release  Y 

Sampler  Current  in  Control  Unit  Y 


Y 
N 

Y 

Y 

Y 

Y 
I 

Y 

Y 

Y 

I 

Y 

Y 


I 

Y 

Y 

Y 

Y 

Y 

Y 

Y 
N 

Y 

Y 

Y 

Y 

Y 

Y 
N 
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Three  new  systems  are  possible: 

1.  HF:  Using  the  HF  receiver,  selectors,  and  transmitters  on  hand  at  LCC. 
This  requires  one  output  of  the  encoder. 

2.  HF-FM:  Using  the  HF  receiver  and  selector  as  above  but  directing  the 
output  to  go  to  a V HF-FM  (40.  35  MHz)  transmitter.  This  also  would  require  a 
single  output  from  the  encoder. 

3.  FM-FM:  Using  S-band  telemetry,  all  data  could  be  sent  real  time  on  up 
to  13  channels  plus  data  would  be  received  on  another  set  of  S-band  channels.  In 
this  case,  the  encoder  would  not  be  a true  analog  to  digital  encoder  but  a series 
signal  conditioning  network. 

The  latter  system  (3)  requires  purchasing  the  most  new  equipment  and  that 
equipment  is  more  expensive  and  complex  than  that  needed  for  the  first  two  systems. 
On  these  grounds,  it  was  not  considered  in  competition  with  the  HF  and  HF-FM 
systems.  The  encoder  design  was  now  able  to  be  finalized. 

The  unit  labeled  encoder  serves  several  functions.  As  the  name  implies,  its 
primary  function  is  to  serialize  or  multiplex  several  pieces  of  information  on  to 
one  output.  The  information  sources  are  analog  in  form  and  before  they  are  multi- 
plexed they  are  buffered  and  shaped  to  interface  with  the  CMOS  circuitry.  After 
being  multiplexed  they  are  encoded  to  digital  form  and  presented  to  the  output  as  a 
stream  of  dots  and  dashes  time  spaced  to  form  Morse  Code.  At  this  point  a word 
should  be  said  concerning  the  digital  format  of  the  output. 

There  are  three  major  signals  in  the  system  which  must  be  transmitted.  These 
signals  represent  altitude,  air  flow  through  the  PR -3,  and  air  temperature.  The 
altitude  and  flow  signals  are  binary  in  form  and  consist  of  pulses  that  vary  in  fre- 
quency in  proportion  to  the  measured  parameter.  The  temperature  data  is  a vary- 
ing voltage  derived  from  a thermistor.  Note  that  two  out  of  three  are  binary  in 
nature  and  therefore  lend  themselves  to  a digital  format.  The  third  signal  is  easily 
converted  to  a binary  signal  by  incorporating  the  thermistor  into  an  oscillator 
circuit.  Now  all  three  signals  are  binary  where  the  information  is  contained  in  the 
frequency  of  the  signal.  The  digital  signal  to  be  transmitted  is  derived  from  the 
binary  analog  signal  by  counting  the  number  of  pulses  that  occur  in  a carefully  con- 
trolled period  of  time:  in  this  case  four  minutes.  This  period  was  chosen  based 
upon  the  large  frequency  variation  of  the  B-60  from  ground  level  to  100  kft  pressure 
altitude.  The  accuracy  of  the  data  channels  is  always  1 count  therefore  by  keeping 
the  overall  count  above  100  the  resolution  can  be  kept  better  than  1 percent.  As  an 
example;  over  all  sample  altitude  ranges  the  frequency  of  the  signal  from  the  PR -3 
flow  meter  will  vary  from  40  Hz  to  150  Hz.  Therefore,  in  H seconds  the  encoder 
would  count  160  to  600  counts  with  an  accuracy  of  1 count  so  the  resolution  could  be 
1 in  160  to  1 in  600,  or  0.  625  percent  to  0.  167  percent.  The  nature  of  this  encoding 
by  counting  is  such  that  if  the  count  looks  about  right  and  is  repeatable,  then  it  most 
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probably  is  correct.  In  any  event,  it  is  very  easy  to  verify  the  accuracy  with  an 
oscilloscope  and  the  PR -3  flow  sensor  or  a standard  pulse  generator. 

The  count  that  has  been  referenced  as  the  end  product  of  the  encoder  appears 
at  the  output  as  a series  of  dots  and  dashes  with  most  significant  figures  first. 

Therefore,  one  count  or  word  of  the  encoder  message  would  look  like 

XXX  XXX  XXX  XXX 

where  each  X is  a 0 or  a 1 represented  by  a dot  or  a dash  respectively.  This  twelve 
bit  word  is  a binary  figure  with  3 pauses  added.  If  the  pauses  were  eliminated  or 
ignored  then  the  count  would  be  read  by  summing  the  decimal  equivalent  of  the 
powers  of  two  represented  by  the  ones  and  zeros.  But,  there  is  an  easier  way. 

With  the  pauses  in  place,  not  only  do  the  dots  and  dashes  form  Morse  Code  letters 
but  they  form  an  octal  code  where  each  group  of  these  X's  can  vary  from  0 to  7 
therefore  101  001  100  010  can  be  read  as  (5142)g  which  can  be  converted  to  decimal 
(base  ten)  by  use  of  an  octal  to  decimal  conversion  table  (5142)„  = (2658),..  This 
is  very  easy  with  a little  practice  and  once  the  decimal  number  has  been  obtained 
if  the  data  is  the  flow  information  it  can  be  divided  by  four  (because  the  encoder 
sampled  for  4 sec)  and  the  actual  count  of  the  flow  sensor  is  obtained.  If  the  above 
example  was  valid  flow  data  the  flow  rate  would  be  proportional  to  664.  5 Hz.  At 
this  point  it  should  be  noted  that  the  encoder  is  now  assuming  functions  presently 
accomplished  by  the  ground  station  equipment  and  personnel.  The  matching  fre- 
quencies via  Lissajous  Patterns  will  no  longer  be  necessary  and  an  oscilloscope  and 

frequency  counter  can  be  eliminated.  Data  can  be  copied  by  hand  or  recorded  on  » 

magnetic  tape  or  a strip  recorder  or  both.  This  will  yield  permanent  records 
from  onboard  and  ground  recording.  If  the  above  example  was  altitude  or  tempera- 
ture data  a calibration  curve  or  table  would  convert  directly  from  code  to  altitude 
or  temperature.  Because  of  the  different  signal  conditioning  necessary  for  the  three 
types  of  data  channels  are  assigned  to  specific  functions.  The  first  two  channels  are 
for  flight  altitude  derived  from  the  B-60.  The  first  channel  is  used  at  altitudes 
greater  than  50  kft.  The  resolution  of  these  channels  is  at  worse  ± 1 percent  at 
about  50  kft,  and  it  improves  with  increasing  and  decreasing  altitude  until  it  is 
0.  1 percent  at  ground  and  100  kft.  The  third  channel  is  used  to  monitor  the  gas 
valve,  ballast  hopper  and  balloon  burst  protect  circuit.  The  remaining  channels 
are  paired  for  PR -3  flow  and  temperature  data.  Channels  4,  6,  8,  and  10  are  for 
flow  and  channels  5,  7,  9,  and  11  are  for  temperature.  During  ascent  to  float 
altitude,  only  the  first  three  channels  need  by  observed  because  there  is  no  data  on 
the  remaining  channels.  Therefore,  upon  applying  power  to  the  encoder  the  first 
three  channels  preceeded  by  a warning  pulse  will  cycle  continuously.  As  float 
altitude  approached,  a command  (No.  1)  can  be  given  and  the  encoder  message  will 
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expand  to  all  eleven  channels  (or  any  preset  number)  cycling  every  3 minutes.  The 
message  containing  11  words  (channels)  will  take  about  1-1.4  min  depending  on  the 
ratio  of  dots  to  dashes.  Issuing  command  No.  1 a second  time  will  return  the  en- 
coder message  to  the  three  word  format.  By  repeatedly  issuing  command  No.  1, 
the  message  length  can  be  changed  as  often  as  required.  The  encoder  output  is 
routed  to  the  transmitter  by  way  of  the  control  unit. 

The  control  unit  is  the  focal  point  of  the  system.  It  contains  a digital  clock 
and  the  necessary  logic  circuitry  and  aneroid  switchestoensure  proper  sequencing 
and  interaction  of  system  activities.  Without  issuing  commands,  the  control  unit 
will  sequence  the  package  through  an  entire  mission  if  necessary.  It  will  drop  the 
antenna  during  ascent,  turn  the  sampler  on  and  off  at  preset  times,  blow  ballast, 
terminate  the  flight,  turn  on  the  homing  beacon  and  separate  the  package  from  the 
chute  at  impact.  The  setting  of  times  for  sample  on,  sample  off,  and  terminate  is 
accomplished  via  thumb  wheel  switches  settable  for  00.0  hrs  to  99.9  hrs.  The 
clock  is  designed  so  that  disconnecting  and  reconnecting  the  power  line  resets  it  to 
0.0  hrs.  Therefore  the  time  elapsed  during  checkout  can  be  negated  from  the  out- 
side of  the  flight  package  simply  by  interrupting  the  power  to  the  control  unit.  In 
the  event  of  balloon  burst,  the  package  will  be  separated  from  the  balloon  and  the 
sampler  automatically  turned  off.  When  commands  are  issued  through  the  HF 
receiver  and  selector,  the  return  verification  code  indicating  reception  of  the  com- 
mand by  specific  channel  will  be  routed  to  the  transmitter,  thereby  overriding  the 
encoder  for  these  few  seconds.  At  termination  by  command,  clock,  or  burst,  an 
appropriate  signal  will  be  routed  to  the  transmitter.  A normal  termination  will 
cause  a dashing  signal  to  be  transmitted  and  a balloon  burst  will  result  in  a steady 
tone.  Conspicuous  by  its  absence  in  the  control  unit  is  the  heavy  duty  open  frame 
power  relay  for  the  samplers. 

The  power  relay  has  been  replaced  with  a solid  state  dc  static  switch  which  is 
mounted  on  the  sampler  and  is  activated  by  the  control  unit.  This  switch  does  not 
need  power  to  hold  it  on.  Therefore,  three  ends  are  accomplished:  (1)  the  high 
current  is  removed  from  the  proximity  of  the  control  logic,  (2)  the  high  current  has 
a shorter  distance  to  travel  (less  voltage  drop  to  the  blowers),  and  (3)  there  is 
no  wasted  holding  power. 

Before  proceeding  with  the  description  of  the  test  flights  conducted  to  date,  a 
few  words  should  be  said  about  the  AR-60  altitude  sensor  and  recorder.  As  noted 
earlier,  two  altitude  sensors  are  used  in  the  existing  package.  The  B-34  sensor  is 
used  to  follow  the  balloon's  ascent  to  float  altitude  and  the  B-60  section  of  the 
AR-60  is  used  at  float  altitude.  However,  the  entire  range  from  ground  to  float 
altitude  is  within  the  operational  limits  of  the  B-60.  The  new  instrument  package 
uses  the  signal  from  a slightly  modified  B-60  to  feed  the  encoder  in  two  modes. 

One  mode  is  very  good  up  to  50  kft  and  the  other  mode  is  very  good  above  50  kft. 
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Therefore,  one  sensor  supplies  all  the  altitude  data.  However,  the  B-60  works  on 
the  ion  chamber  principle  which  degrades  in  quality  as  the  altitude  increases, 
that  is,  the  accuracy  is  worst  at  float  altitude.  Research  has  been  accomplished 
and  procurement  started  on  a sensor  using  an  isotope  and  detector  based  on  the 
energy  in  the  particles.  This  sensor  has  its  poorest  accuracy  (about  4 percent  on 
the  ground  and  its  best  accuracy  (about  1 percent)  at  float  altitude.  The  new  sensor 
will  interface  directly  to  the  new  encoder  and  will  replace  the  B-60  and  free  one 
more  channel  on  the  encoder.  The  control  unit  is  unaffected. 

The  control  unit  and  encoder  previously  described  will  function  for  either  of 
the  two  systems  now  under  consideration.  The  HF  system  has  been  flown  twice 
and  the  results  of  these  flights  are  given  below. 

The  first  flight  (H72-73,  2 November  1972)  was  launched  successfully;  antenna 
drop  was  achieved  by  command  the  ascent  appeared  normal.  However,  at  47.8  kft 
after  47  min  of  flight,  a burst  indication  was  received  by  the  control  center  and  the 
package  was  on  the  chute.  The  beacon  was  activated  and  the  sampler  was  locked 
off  by  the  control  unit.  When  the  recovery  crew'  reached  the  package,  they  noted 
that  the  impact  switch  had  fired,  and  the  DPS  was  running.  At  this  time,  the  solid 
state  dc  static  switch  was  not  in  use.  The  high  blower  current  was  being  switched 
by  a Potter -Brumfield  mechanically  latching  relay.  By  correlating  the  times  for 
impact,  recovery,  and  the  length  of  the  on  time  from  the  PR -3  recorder,  it  was 
determined  that  the  relay  had  latched  at  impact.  The  relay  was  subsequently  re- 
placed with  the  solid  state  switch  designed  at  LCC.  Although  float  altitude  was  not 
reached  the  control  unit  did  function  properly,  the  mechanical  latching  relay  was 
proven  undependable,  and  the  control  equipment  was  returned  in  perfect  working 
order  and  the  remaining  system  checked  out  favorably.  Therefore,  the  flight  did 
yield  useful  information.  The  second  flight  was  more  successful. 

I aunched  on  27  March  1973,  flight  H73-17  was  almost  a complete  success. 
Immediately  after  release,  antenna  drop  was  issued  and  properly  activated  The 
system  rose  at  about  1000  ft  per  min  to  the  float  altitude  of  81.  5 kft  and  in  doing  so, 
provided  excellent  altitude  data  for  comparing  the  B-60  to  two  Rosemont  Pressure 
Sensors  which  were  on  two  unused  encoder  channels.  Ballast  was  blown  before  the 
sampler  was  to  come  on  and  the  expected  altitude  change  was  reflected  in  the  B-60 
and  Rosemont  data.  When  the  sampler  was  to  come  on,  there  was  no  flow  data  on 
the  encoder  channel  for  the  PR -3.  The  decision  was  made  to  assume  all  was  OK 
in  the  sampler  and  continue  the  flight.  Four  hours  later,  prior  to  termination  by 
command,  the  beacon  (242.  0 MHz)  was  turned  on  and  then  off  by  command  and 
verified  by  the  tracking  aircraft.  At  termination  the  beacon  came  on  and  the  package 
descended  without  incident.  At  impact  the  aircraft  witnessed  the  chute  impact 
release  squibs  fire.  Upon  the  return  of  the  package,  the  system  was  reassembled 
and  the  malfunction  duplicated.  The  sampler  ran  but  the  UTMT  did  not  open. 
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Inspection  revealed  the  battery  voltage  was  much  lower  than  at  launch  indicating 
that  the  DFS  did  run  for  the  sampling  period.  With  a new  24  V battery  pack,  the 
sampler  ran  and  the  UTMT  opened  and  flow  data  was  transmitted.  A cell  by  cell 
inspection  of  the  battery  pack  from  the  flight  revealed  that  4 cells  were  bad.  The 
voltage  under  the  load  of  the  DFS  dropped  sufficiently  to  prevent  the  UTMT  from 
opening.  This  was  duplicated  with  the  new  set  of  batteries.  Although  no  sample  was 
obtained  the  flight  was  very  successful. 

A third  test  flight  is  planned  for  late  July  1973.  This  will  be  a reflight  of  the 
second  flight  system  plus  a new  40  MHz  FM  transmitter  will  be  on  board.  This  will 
enable  the  data  to  be  transmitted  through  two  down  links:  the  HF  system  and  the 
FM  system. 

After  the  test  flight  in  late  July  a comparison  will  be  made  between  the  data 
available  from  HF  telemetry  and  VHF-FM  telemetry.  Based  on  previous  experience 
it  is  expected  that  interference  in  the  VHF-FM  range  will  be  much  less  than  that  in 
the  HF  region.  The  configuration  of  the  final  system  would  be  very  similar  to  the 
proposed  fourth  test  flight.  The  command  receiver  would  be  a modified  Raven 
receiver/decoder  and  the  data  transmitted  would  be  a new  VHF-FM  transmitter. 

(See  four  flight  configuration  block  diagrams.)  From  the  Mechanical  point  of  view, 
the  present  system  for  assembling  sampler  frames  onto  the  instrument  frame  is 
unreliable  and  time  consuming.  Because  of  this,  it  is  necessary  to  redesign  the 
instrumentation  frame.  Positive  attachment,  reproducible  alignment  and  rapid 
assembly  and  disassembly  is  accomplished  by  the  use  of  a quick  disconnect  clamp- 
on  device.  Also,  by  relocating  the  battery  system,  instrumentation,  ballast,  etc.  , 
the  rotational  requirement  of  the  original  system  can  be  eliminated. 

The  new  instrument  storage  frame  has  the  capability  of  supporting  one  (1)  to 
six  (6)  sampler  frames  irj  any  sequence  of  combinations.  The  accompanying  photo- 
graphs demonstrate  how.this  can  be  accomplished.  Photo  1,  shows  the  instrument 
gondola  with  a DFS '.frame  in  the  free  position.  Photo  2,  shows  the  DPS  frame 
attached  to  the  side  of  the  instrument  gondola  for  the  two  (2)  or  four  (4)  or  six  (6) 
frame  combination.  Photo  3 shows  the  DFS  frame  attached  to  the  front  for 
the  two  (2),  or  four  (4)  frame  version.  This  prototype  frame  will  be  test  flown  in 
late  July. 

Future  changes  under  consideration  include  choosing  a tape  recorder  as  an  on 
board  back-up  should  the  telemetry  fail,  revamping  the  ground  station  and  up-dating 
the  Handbook  to  reflect  all  changes. 

Incorporating  the  new  hardware  into  the  existing  system  will  not  be  a piece  by 
piece  job.  To  avoid  duplication  of  effort  and  numerous  system  changes,  all  new 
modular  equipment  will  be  built  and  tested.  Then  the  existing  flight  system  equip- 
ment will  be  replaced  and  the  transformation  will  be  complete  if  AEC/ARL  are 
satisfied  with  the  improved  data  collection  results.  Lead  time  on  the  active 
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components  tor  the  control  unit  and  encoder  is  35  weeks.  Components  were  ordered 
late  April  1973,  Assembly  time  will  be  about  2 months.  Until  this  time  the  old 
system  will  be  used  and  minor  maintenance  changes  made  if  necessary. 

During  the  April  series  at  Holloman  AFB,  NIU,  several  flights  were  marred  by 
faulty  relays  in  the  existing  Control  Units.  These  relays  No.  K I,  K4,  K 5,  and 
K 6 were  modified  or  replaced  with  sealed  relays  to  preclude  trouble  from  this 
source  on  future  flights.  These  control  units  have  been  re -flown  without  incident. 

In  preparation  for  the  new  instrumentation  frame  interface  into  the  system, 
twenty  DFS  frames  will  be  made  at  AFCRL  to  replace  the  distorted  frames  now  in 
inventory.  This  will  eliminate  the  need  for  extensive  rework  to  the  old  frame  plus 
it  will  insure  proper- mating  to  the  new  frame  attachment  devices. 
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Appendix  E 


Instrumentation  Checklist 


PROJECT  ASH  CAN 
INSTRUMENTATION  CHECKLIST 


ALTITUDE  

DATE  STARTED 

nr.  no. 


[ 

— 

PRELIMINARY: 

Obtain  the  following ■ items  and  note  serial  numbers: 

Primary  Instrumentation 

Controller  

242  MH  Beacon 

BCR  4 Receiver:  freq 

S/N  

Selector  

Transmitter  

\ 

Reed  Box 

B-60 

Rosemount  

V-F  Converter 

Encoder  

Printer  

Printer  Interface  

Backup  Instrumentation 

Receiver 

Reed  Box 

Controller  

Obtain  batteries  for  DFS,  Primary  and  Backup  Package.  Test  each  cell 
under  load  and  record  on  the  following  sheets. 

Initials  

September  19T7 
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Primary  System  Battery  Check 


Flight  Date  

nominal  cell  individual  cell  voltage 

voltage  at  after  charging  alter  despikirg 

♦ terminal  no  load  0.6  ohm  load  no  load  0.6  onm  load 


25  H s serial  number  _________ 

27.0  

25. 5 

24.0 

22.5 

21.0 

19.5 
18.0 

16.5  

15.0 

13.5 

BB-405's  no  load  0.3  ohm  load  no  load  0,3  ohm  load 

12.0 

10.5 


9.0 

7.5 


6.0 


4.5 


3.0 

1.5  

serial  number date: 

time: 


initials 


*-■ 


Primary  System  Battery  Check 
(continued) 


Flight 


nominal  cell 
voltage  at 
- terminal 

10  H's 


individual  cell  voltage 
after  charging  alter  despiking 

no  load  1.5  ohm  load  no  load  1 . 5 ohm  load 


serial  number 


26  Nov  75 


initials: 
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Backup  System  Battery  Check 


Flight 


Date 


nominal  cell 
voltage  at 
- terminal 

6 H's 

-12.0 

-10.S 

-9.0 

-7.5 

-6.0 

-4.5 

-3.0 

-1.5 

♦ terminal 

1.5 

3.0 

4.5 

6.0 

7.5 
9.0 

10.5 

12.0 


individual  cell  voltage 


after  charging 
no  load  2.5  ohn  load 


serial  number 


after  despiking 
no  load 


spiking 
2.5  onm 


load 


serial  number 


date: 

time: 


initials: 


26  Nov  75 


93 


DFS  BATTER  CHECK 
SET  # 

INDIVIDUAL  INDIVIDUAL 

NOMINAL  CELL  VOLTAGE  AT  + CELL  VOLTS  NO  LOAD  CELL  VOLTS  O.3XL  LOAD 


1 


DATE 

FLIGHT 
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TT 


NOMINAL  BAROSWITCH  ACTIVATION  ALTITUDES 


Antenna  drop  (lOK  ft)  Kft 

Burst  Interlock  (15K  ft)  Kft 

Rotate  package  (26K  ft)  Kft 

Safety  time  interlock  (45K  ft)  Kft 


SAfETY  TIME 

Timer  setting  (2  hrs  ) Hours 


Use  column  at  right  if  Project  Officer  desires  a change. 

CALULATIONS  FOR  TIMERS 

A.  Time  to  float  altitude  is  calculated  using  an  ascent  rate  of  800  feet 

per  minute  from  ground  altitude  A to  float  altitude  A 

G r 

* AG 

Time  to  float  altitude  = 1»8  Kft /’hr" 

Where  A^,  ^ float  altitude  (K  feet)  = 

Aj,  : ground  altitude  (K  feet)  = 

Therefore,  substituting 

Time  to  float  altitude  =[(  ) - ( )]/  48 

f » 

= -h8 

- hours 

Check  times  with  the  Project  Officer  before  proc  eeding. 
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B.  Sample  on  Time  - time  before  launch  (0.2  hrs)  + time  to  float  + altitude 

adjust  time  (O.k  hrs)  + time  before  sample  (0.2  hrs) 

~ 0.8  hrs  + time  to  float  altitude 
- 0.8  hrs  + hrs 

SAMPLE  ON  TIME  : hours 

C.  Sample  Off  Time  = Sample  On  time  + Sample  lime  (see  form  2k) 

- hrs  + hrs 

SAMPLE  OFF  TIME  = hours 

D.  Primary  Termination  = Sample  off  time  +2.0  hrs 

- hrs  + 2.0  hrs 

PRIMARY  TERMINATION  = hours 

E.  Backup  Termination  - Primary  Termination  + 1.0  hrs 

- hrs  + 1.0  hrp 

BACKUP  TERMINATION  = hours 


316.41  319.92  323.44  326.95  330.47  333.98  337.50  341.01  344.53  348.04 

5' 16 . 4“  5 ' 19. 9“  S'23.4"  5*27.0"  5*30.5"  5*34.0"  5*37.5"  5*41.0"  5*44.5"  5*48.0 


AD-A060  062  AIR  FORCE  GEOPHYSICS  LAB  HANSCOM  AFB  MASS  F/G  4/1 

ABOUT  THE  DEVELOPMENT  OF  A SECOND  GENERATION  ATMOSPHERIC  SAMPLE— ETC (U) 
MAR  78  R H CORDELLA 

AFGL-TR-78-0065  NL 


UNCLASSIFIED 


SECTION  ONE: 


I 


BENCH  CHECK  OF  CONTROLLER 


1-1.  Remove  controller  from  its  case  and  visually  inspect 
for  loose  components,  broken  wires,  bent  pins  etc. 
Check  all  fuses. 

1-2.  Set  Safety  Switch  to  "5"  and  set  baroswitches. 


Actual  altitudes:  Antenna  Drop 

Kft 

burst 

Kft 

rotate 

Kft 

safety 

Kft 

1-3.  Set  all  times  to  99-9 

1— U . Connect  Power  Cable  to  J-l 

Connect  Command  Simulator  to  J-2 
Connect  Test  Box  J-31  to  J-3 
Reset  all  Test  Box  Circuit  Breakers 

1-5.  Apply  power  to  Controller 
Indications : 

Valve  Closed  light-ON 

Sample  Off  Light-ON  (=  6 Osec.) 

Skinner  Closed  light-ON  (=  6 Osec.) 

1-6.  Using  a VOM  do  a zero  voltage  check  and  then  a 

resistance  check  on  the  primary  separation  squib 
port. 

1-7.  Depress  Command  1 
Indications : 

No  change  in  indications 

1-8.  Depress  Command  2 
Indications : 

Beacon  light-ON  (remains  on  after  command  released) 

1-9-  Depress  Command  3 
Indications: 

Blow  Ballast  breaker  tripped. 

Blow  Ballast  light-ON  (OFF  when  command  released) 

Reset  breaker 

1-10.  Depress  Command  A 
Indications: 

Antenna  drop  breaker  tripped 

Antenna  drop  light-ON  (OFF  when  command  released) 

Beacon  light-OFF 

Reset  breaker 


j 
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1-11.  Depress  Command  5 
Indications: 

ASV  light-ON 

2 Wire  Skinner  light-ON  (OFF  when  command  released) 

3 Wire  Skinner  light-ON  (OFF  when  command  released) 
HCS  ON  light-ON  (OFF  when  command  released) 

1-12.  Depress  Command  6 
Indications: 

ASV  light  OFF 

HCS  OFF  light  ON  (for  = TO  seconds  after  released) 
Skinner  closed  lights  ON  (for  = 70  seconds  after 
command  released) 

1-13.  Depress  Command  7 
Indications : 

Valve  open  light  ON  (when  command  depressed) 

Valve  closed  light  OFF  (when  command  depressed) 
Valve  open  light-OFF  (when  command  released) 

Valve  closed  light-ON  (when  command  released) 

1-14.  Depress  Command  8 
Indications: 

Pour  ballast  light-ON  (OFF  when  command  released) 

1-15.  Depress  Command  9 for  5 seconds 
Indications : 

Valve  closed  light-OFF 
Valve  open  light-ON 
HCS  Lock  light-ON 
HCS  OFF  -light-ON 
Skinner  closed  light-ON 
After  Approximately  5 seconds : 

Beacon  light-ON 

After  Approximately  70  seconds: 

Sample  OFF  light-OFF 
Skinner  closed  light-OFF 
After  Approximately  32  seconds: 

Main  Separate  breaker-tripped 
Main  Separate  light-ON 
Gas  Release  light-ON 
Blow  Ballast  light-ON 
After  Approximately  64  seconds: 

Main  Separate  light-OFF 
Valve  Closed  light-ON 
Valve  Open  light-OFF 
Sample  Lock  light-OFF 
Gas  Release  light-OFF 
Blow  Ballast  light-OFF 
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1-16. 

1-17. 


1-18. 


1-19. 


1-20. 


Depress  Command  5 
Indication: 

Sample  should  NOT  come  ON 

Remove  power  from  Controller 

Reset  all  test  box  circuit  breakers 

Set  safety  time  switch  to  predetermined  hours 

and  record  setting hours  and  elapsed  time 

for  accelerated  mode seconds. 


Apply  power  to  controller  and,  after  the  sampler  OFF 
pulse  has  passed,  connect  jumper  from  to  test  key. 
Indication: 

After  the  number  of  seconds  recorded  in  1-16  plus 
U seconds  have  elapsed  the  termination  sequence  begins 
and  runs  as  usual. 


Remove  power  from  controller.  Remove  jumper  from  test  key 
Reset  test  box  circuit  breakers. 

Set  time  switches  to  previously  calculated  values 
and  look  up  accelerated  times. 


Sample  On 

hrs 

: : On 

sec 

Sample  Off 

hrs 

: : Off 

sec 

Terminate 

hrs 

: : T 

sec 

On  Board  1: 

Set  safety  switch  to  5 

Place  scope  probe  on  resistor  R 31  (200KS1)  to  note  0.35 
second  pulse. 

Probe  should  be  on  side  of  R 31  nearest  borad  connection. 

Apply  power  to  controller.  After  OFF  light  are 
extinguished,  connect  test  key  Jumper. 

Indications : 

After  approximately  ON  seconds: 

Sample  on  light  ON  (momentary) 

Skinner  open  light-ON  (momentary) 

After  approximately  OFF  seconds: 

Sample  off  light  ON  (momentary) 

Skinner  closed  light  ON  (momentary) 

After  approximately  T seconds: 

A pulse  will  be  noted  on  the  scope 

Remove  power  from  controller.  Remove  scope  probe. 

Set  all  time  switches  to  99-9  hours 
Remove  Jumper  from  Vdd  to  test  key 
Connect  Jumper  from  C to  NO  on  antenna 
drop  baroswithces  (Si) 


1-22.  Place  burst  switch  in  OFF  (Open)  position 
Apply  power  to  controller 
Indications: 

Valve  closed  light -OH 

Sample  OFF  light-ON  (=  70  sec.) 

Skinner  closed  light-ON  (=  70  sec.) 

Antenna  drop  breaker-Tripped 
Antenna  drop  light-ON 

1-23.  Remove  power  from  controller 
Remove  jumper  from  SI 

ONLY  AT  INITIAL  CONSTRUCTION:  Use  the  set  screw  on  SI 
to  simulate  ascending  and  decending  past  10K  feet  to 
check  out  the  impact  circuit. 

l-2l.  Place  Jumper  NO  to  C of  S2 
Apply  power 

Set  burst  switch  on  test  box  to  ON  position 
Indications: 

Main  Separate  breaker-tripped 
Main  separate  light-ON 
Valve  closed  light-OFF 
Valve  open  light-ON 
Sample  lock  light-ON 
Sample  off  light-ON 
Skinner  closed  light-ON 
Gas  release  light-ON 
Blow  ballast  breaker-tripped 
Blow  ballast  light-ON 
After  Approximately  5 seconds: 

Beacon  light-ON 

After  Approximately  70  seconds: 

Sample  off  light-OFF 
Skinner  closed  light-OFF 
After  Approximately  61  seconds 
Valve  closed  light-ON 
Valve  open  light-OFF 
Sample  lock  light-OFF 

1-25.  Turn  power  off  for  at  least  30  seconds.  Open 
the  burst  switch.  Turn  power  on.  Momentarily 
depress  command  10  button.  Close  burst  switch. 
Indication : 

There  should  be  no  change  as  the  burst  switch 
is  now  latched  out  of  the  circuit. 
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1-26.  Using  a frequency  counter  check  the  output  of  the 

oscillator  which  is  used  to  drive  the  FM  Transmitter. 
Test  point  2,  on  board  2,  is  available  without  removing 
the  board. 

Record  the  frequency Hz. 

Remove  the  counter  probe 

1-27-  Remove  power  from  controller 

Reset  all  test  box  circuit  breakers 
Remove  all  cables  from  controller 
Remove  Jumper  from  baroswitch 

1-28.  Install  controller  in  instr-iment  frame 
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SECTION  TWO: 


BENCH  CHECK  OF  ENCODER 

2-1.  Assemble  test  equipment:  encoder  test  set  (signal  generator 
and  two  cables),  power  supply  and,  strip  chart  recorder. 

2-2.  Remove  encoder  from  its  case.  Inspect  it  for  loose  components, 
bent  pins,  foreign  matter. 

2-3.  Set  power  supply  for  13V  and  turn  it  off.  Attach  power  leads 
to  signal  generator.  Connect  encoder  to  signal  generator 
using  Cable  I. 

Place  all  flow  channel  switches  in  OFF  (down)  position. 

Set  "Hertz"  selection  dial  at  30. 

Sonalert  may  be  on  or  off  to  suit  operator  if  the  chart 
recorder  is  used. 

If  you  want  to  see  the  messages,  monitor  the  encoder  output 
by  connecting  a chart  recorder  on  the  appropriate  binding  posts. 

2-4.  Turn  on  power  supply. 

Result: 

Encoder  begins  in  short  cycle:  i. e. , the  first  three 
channels  (B-60,  housekeeping,  Rosemount)  are  repeated 
over  and  over.  The  codes  will  be  approximately: 
channel  1 SWUD  (0314) 

2 SSSS  (0000) 

4 DSSS  (4000) 

Remember  that  a digital  system  has  a 1 bit  resolution; 
therefore,  the  code  may  vary  in  the  least  significant 
letter. 

2-5.  Depress  the  valve  reply  button  until  the  second  channel  code 
begins. 

Result: 

Code  on  channels  one  and  three  unaffected.  Code  on 
channel  2 changes  to  DSSS  for  one  message. 

2-6.  Depress  ballast  reply  button  until  the  second  channel  code 
begins. 

Result: 

Code  on  channel  two  changes  to  RSSS  for  one  message. 

2-7.  Depress  burst  pin  reply  button  until  the  second  channel 
code  begins. 

Result : 

Code  on  channel  two  changes  to  USSS  for  one  message. 
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2-8.  Depress  command  1 button  momentarily. 

Result : 

Encoder  restarts  the  message  and  will  continue  to  long 
cycle.  The  words  for  channels  greater  than  three  are 
sets  of  flow  (even  numbered  channels)  and  temperature 
(odd  numbered  channels)  data.  All  flow  channels  will 
have  codes  of  SSSS  or  SSSU  and  the  temperature  channels 
will  have  a code  where  the  first  letter  of  the  work, 
corresponds  to  the  number  of  the  data  set1  i»e. , 


set  channels 

1 4,  5 

2 6,  7 

3 8,  9 

4 10,  11 

5 12,  13 

6 14,  IS 


temperature  code 

U (1-—  ) 

R (2 ) 

w (3 ) 

C (4  — ) 

K (5 ) 

G (6  — ) 


2-9.  Engage  the  first  flow  channel  (work  #4 ) with  flow  channel 
switch  #1. 

Result: 

Code  of  SUOS  (0170)  is  on  channel  4' every  message.  The 
least  significant  letter  (on  the  right)  may  be  a U or 
an  R. 

Disengage  flow  channel  #1. 


2-10.  Check  remaining  channels  using  same  method  outlined  in  2-9 
Use  reset  button  on  the  encoder  to  expidite  the  procedure 
if  desired. 

flow  channel:  2 

3 

4 

5 

6 


2-11.  If  desired  2-9  and  2-10  can  be  repeated  for  60  Hz  and/or 

90Hz.  The  codes  are  SWGS  (0360)  and  SKKS  (0550)  respectively. 


2-12.  Turn  off  power  supply  and  disconnect  the  test  set  from  the 
encoder. 


* 


2-13.  Install  encoder  in  package 
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SECTION  THREE: 


CHECKOUT  OF  PRIMARY  PACKAGE 

3-1.  Install  controller  in  instrumentation  Frame 
Connect  J-ll  on  package  to  J-l  on  controller 
Connect  Command  Simulator  to  J-2  on  controller 
Connect  J-31  on  package  to  J-2  on  controller 
Connect  J04  to  J03  on  filter 
Connect  J-33  on  package  to  J-34  on  Test  Box 
Connect  J-12  on  package  to  Tower  Cable 
Connect  J01  to  J02  on  filter 

Disconnect  power  connectors  from  beacon,  FM  transmitter, 

printer  interface,  B-oO  and  Rosemount 

Connect  J-51  to  J-50  on  controller 

Connect  beeper  box  to  AM  transmitter  connector 

3-2.  Reset  all  circuit  breakers 
Apply  power  to  package 
Indications: 

Valve  closed  light-ON 
HCS  off  light  ON  (70  sec.  ) 

Skinner  closed  lights  ON  (70  sec.  ) 

3-3.  Depress  Command  1 
Indicat  ions: 

No  change  in  indications 

3-4.  Depress  Command  2 
Indications: 

No  change  in  indications 

3-5.  Depress  Command  3 
Indications: 

Blow  ballast  breaker  tripped 

Blow  ballast  light-ON  (OFF  when  command  released) 

3-6.  Depress  Command  4 
Indications: 

Antenna  drop  breaker  tripped 

Antenna  drop  light-ON  (OFF  when  command  released) 

3-7.  Depress  Command  S 
Indications: 

HCS  On  light  ON  (OFF  when  command  released) 

Skinner  Open  light-ON  (OFF  when  command  released) 
ASV  light-ON 

3-8.  Depress  Command  6 
Indications: 

HCS  Off  light-ON 

Skinner  Closed  lights-ON 

For  cs  70  seconds  after  command  released 

ASV  light-OFT 
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3-9.  Depress  Command  7 
Indications: 

Valve  Open  light-ON 

Valve  Closed  light  OFF  when  command  depressed 
Valve  Open  light-OFF 

Valve  Closed  light-ON  when  command  released 

3-10.  Depress  Command  8 
Indications: 

Pour  Ballast  light-ON  (OFF  when  command  released) 

3-11.  Reset  all  circuit  breakers 

Depress  Command  9 for  5 seconds 
Indications: 

Valve  Closed  light-OFF 
Valve  0p?n  light-ON 

Sample  hock  light-ON,  dashing  for  « one  minute 
Skinner  Closed  light-ON 
After  Approximately  70  seconds 
Sample  OFF  light-OFF 
Skinner  Closed  light-OFF 
After  Approximately  32  seconds 

Main  Separate  breaker-Tripped 
Main  Separate  light-ON 
Gas  Release  light-ON 
Blow  Ballast  breaker-Tripped 
Blow  Ballast  light-ON 
After  Approximately  64  seconds 
Main  Separate  light-OFF 
Valve  Closed  light-ON 
Valve  Open  light-OFF 
Sample  Lock  light-OFF 
Gas  Release  light-OFF 
Blow  Ballast  light-OFF 

3-12.  Depress  Command  5 
Indications: 

No  change  in  indications 

3-13.  Remove  Power  from  package 

Reset  all  Test  Box  circuit  breakers 


3-14.  Install  AM  transmitter  in  package  (optional) 

Connect  J-52  on  Package  to  transmitter 
Connect  J-41  on  package  to  J-4  on  controller 
Connect. J-4 14  on  package  to  J-41S  on  encoder 

! 
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3-15.  Apply  power  to  package 
Indications: 

Beeper  Box  emits  a steady  tone  for  approximately  4 
seconds.  Then  4 morse  code  "S",  pause,  4 morse  code 
"S",  pause,  4 morse  code  "S”,  and  back  to  4 second 
warning  tone  to  indicate  start  of  cycle.  (This  is 
called  "shoi't  mode"). 

3-16.  Depress  Command  1 
Indications: 

Beeper  Box  emits  a warning  tone  for  as  long  as  the 
command  is  depressed. 

When  command  is  released,  encoder  steps  through  a random 
number  of  information  channels  until  encoder  key  is 
received  from  the  control  unit.  When  encoder  key  is 
received,  encoder  will  cycle  back  to  warning  tone,  then 
step  through  15  information  channels.  (This  is  called 
"Long  mode"). 

3-17.  Depress  the  Reset  Button  on  top  of  the  Encoder 
Indications: 

Encoder  will  cycle  to  the  warning  tone. 

3-18.  Disconnect  J-414  from  Encoder  for  one  minute 
Indicat  ions: 

When  Power  is  restored  Encoder  will  be  in  short  mode 

3-19.  Depress  Command  1 
Indications: 

Encoder  will  go  into  long  mode 

3-20.  Depress  Command  1 
Indications: 

Encoder  will  go  into  short  cycle 

3-21.  Remove  power  from  the  package 

Connect  J-42  to  the  B-60.  Energize  package. 

Indications: 

The  code  on  Encoder  channel  one  will  change  from  SSSS 
to  a combination  representative  of  the  altitude  at  which 
the  check  is  being  performed.  Check  altitude  in  the 
dictionary.  No  other  channel  will  change. 

3-22.  Connect  J-46  to  the  Rosemount  altitude  sensor  and  J-44  to 
the  voltage  to  frequency  converter. 

Indications: 

If  the  Rosemount  sensor  is  of  the  range  0-16  PSIA.  A 
code  other  than  SSSS  will  appear  on  Encoder  channel  three. 
Check  this  in  the  dictionary. 
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3-23.  Remove  power  from  the  package  and  connect  J-412  to  the  data 

printer  interface  box.  Reapply  power.  While  the  transmitter 
gives  the  4 second  tone  the  printer  will  skip  a line.  The 
printer  will  record  each  data  word  plus  a time  code  as  the 
transmitter  begins  to  transmit. 

3-24.  Press  and  hold  command  7 until  indication  is  confirmed. 
Indications: 

Test  Box  will  indicate  valve  open  voltage  is  applied  and 
will  return  a reply  signal  to  the  controller  and  encoder 
so  that  "DSSS"  is  transmitted  on  channel  two  and  "DSSS" 
is  printed  by  the  data  recorder. 

3-25.  Press  and  hold  Command  8 until  indication  is  confirmed. 
Indication: 

Test  Box  will  indicate  pour  ballast  and  will  return  a 
reply  signal  to  the  Encoder  so  that  ''RSS"  is  transmitted 
on  channel  two  and  ' RSSS"  is  printed. 

3-26.  Place  burst  switch  simulator  on  Test  Box  in  the  set 
(continuity)  position. 

Indication: 

The  Encoder  will  signal  "USSS"  on  channel  two  via  the 
transmitter  and  the  data  recorder  will  print  "l/SSS" 

3-27.  Reset  the  Burst  Switch  Simulator. 

3-28.  Remove  Power.  Remove  command  simulator.  Connect  J-21  to  J-2. 
Connect  J-26  to  the  receiver,  J-25  to  the  reed  box  and  J-22, 
J-23,  J-24  to  the  selector.  Connect  an  antenna  to  the  receiver. 

3-29.  Reapply  power  and  using  the  command  test  set  issue  commands 
1 through  9,  verify  replys  and  verify  indications  as  in 
steps  3-3  through  3-12. 


Frequency  KHz  KHz 

1  6 

2 7 

3 8 

4 9 

5 


3-30.  Remove  power.  Connect  Wattmeter  to  FMT-1A  feed  through  on 
Package.  Connect  J-53  to  the  transmitter.  Turn  on  FM 
receiver. 

3-31.  Reapply  power  to  the  instrumentation.  Tune  the  FM  receiver 

to  the  FM  transmitter  frequency.  The  FM  and  AM  transmissions 
should  be  identical.  The  Wattmeter  should  indicate  about 
10  watts. 


3-32.  Remove  Power. 


3 33.  Disconnect  J-53  from  the  FM  transmitter.  Remove  Wattmeter. 
Attach  data  cable  to  J-48  and  using  the  encoder  signal 
gcneiator  check  the  continuity  of  the  cable  and  numbering  of 
the  J-42X  connectors. 


3-34.  Remove  power. 


SECTION  FOUR: 

BENCH  CHECK  BACKUP  CONTROLLER  AND  BACKUP  PACKAGE 


4-1.  Attach  batter}/ receiver  cable  to  power  supplies  or  batteries. 

WHT  -12v 

BLK  GND 

RED  +12v 

GRN  +12v  if  S-68  SQUIBS  are  used. 

4-2.  Attach  command  simulator  (CS-2)  to  the  battery/receiver  cable. 

4-3.  Connect  the  battery/receiver  cable  to  the  backup  controller. 

4-4.  With  the  start  plug  out,  connect  the  system  interface  cable 
to  the  backup  controller  and  to  the  test  box  J-6l,  J-100 
and  J-101.  J-62  is  not  connected  at  this  tine. 

4-5.  Set  the  time  to  termination  to  99-9  hours  and  connect  the 
start  plug. 

Indication: 

No  lamp  will  come  on  because  J-62  is  not  connected. 

4-6.  Using  a TOM  do  a zero  voltage  check  and  then  a resistance 
check  on  the  secondary  separation  squib  port. 

4-7.  Press  command  three  on  the  commend  simulator.  Release 
command  three. 

Indication: 

While  the  button  is  depressed  the  lamp  indicating  pour 
Ballast  will  be  lit. 

4-8,  Press  command  two  on  the  command  simulator.  Release  command 
two. 

Indication: 

When  the  button  is  depressed  the  lamp  indicating  the 
application  of  valve  opening  voltage  will  be  lit.  When 
the  button  is  released  the  lamp  indicating  what  valve 
closing  voltage  is  applied  will  be  lit  for  about  30 
seconds.  This  gives  the  valve  time  to  close  using  the 
batteries  in  the  backup  package.  The  extinquishing  of 
the  lamp  indicates  that  control  of  the  valve  has 
switched  back  to  the  primary  controller  but  J-62  is  not 
connected.  So  the  lamp  which  would  normally  be  lit 
(indicating  closing  voltage)  is  not  lit. 
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4-9.  Press  command  one  for  5 seconds  on  the  command  simulator. 
Release  command  one. 

Indication : 

The  lamp  indicating  application  of  the  valve  opening 
voltage  will  come  on  immediately. 

At  about  32  seconds  the  secondary  termination  light  comes 
on  and  ballast  blow  lamp  will  illuminate. 

At  about  seconds  the  ballast  and  separation  lamps  will 
extinguish  and  the  lamp  indicating  valve  closing  voltage 
will  light. 

At  about  95  seconds  the  valve  light  will  go  out. 

4-10.  Remove  power  from  the  backup  controller.  Set  the  time  select 
switch  for  the  hours  from  launch  that  backup  time  will 
terminate  the  flight.  TIME  HRS 

4-11.  Open  the  backup  controller  and  place  a Jumper  from  Vdd  to  the 
clock  accelerate  test  point.  Look  up  the  elapsed  time 
corresponding  to  the  time  set  in.  TIME MIN SEC 

4-12.  Place  scope  probe  on  resistor  R1  (200K0) 

Using  a stop  watch  time  the  accelerated  clock  from  the 
application  of  power  to  the  positive  pulse  on  the  scope 
MIN SEC 

4-13.  Remove  power 

4-l4.  Remove  Jumper  between  Vdd  and  clock  accelerate  of  backup 
controller.  Remove  scope  probe. 

4-15.  Check  receiver/selector  with  BCTS  3A. 
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SECTION  FIVE- 


CHECKOUT  Or  INTEGRATED  SYSTEM 

5-1.  Check  receiver  and  reeds  using  BCTS-3A 
Install  components  in  back-up  package 
Connect  back-up  package  components 

C 2.  Insure  all  primary  instrumentation  components  are  connected. 

5-3.  Connect  system  interface  cable  between  primary  instrumentation 
and  back-up  package 

Connect  Test  Box  into  system  interface  cable. 

Connect  Beeper  Box  to  AM  Output  of  primary  instrumentation. 
Connect  Wattmeter  to  EM  Output  of  primary  instrumentation 

5-4.  Connect  power  cable  between  primary  instrumentation  and 
instrumentation  and  battery  box. 

Install  back-up  package  start  plug. 

5-5.  Using  BCTS-3A,  Command7 
Indications: 

Valve  open  light  ON  (When  Command  Depressed). 

Valve  closed  light  OFF  (When  Command  Depressed). 

Valve  open  light-OFF  (When  Command  Released). 

Valve  closed  light-ON  (When  Command  Released). 

5-6.  Using  BCTS-3A,  Command  8 
Indications: 

Pour  ballast  light-ON  (OFF  when  Command  Released). 

5-7.  Using  BCTS-3A,  Command  9 
Indications: 

Valve  open  light-ON 
Valve  closed  light-OFF 
After  Approximately  32  seconds: 

Main  separate  breaker  Tripped 
Main  separate  light-ON 
Blow  ballast  breaker-Tripped 
Blow  ballast  light-ON 
After  Approximately  64  seconds: 

Main  separate  light-OFF 
Valve  closed  light  ON 
Valve  open  light  OFF 
Blow  ballast  light-OFF 

5-8.  Remove  power  from  primary  and  back-up  package. 

Connect  high  current  switch  to  control  cable. 

Connect  high  current  switch  to  test  motor 
Connect  high  current  switch  to  DFS  batteries. 

Connect  CS-1  to  J-2  on  Controller 

Apply  power  to  primary  and  back-up  packages. 
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NOT}; 

In  the  following  stop  the  motor  must  not  run  for  more  than  2 

minutes  to  prevent  damage  to  equipment.  Also,  each  section  of  each 

high  current  switch  must  be  checked. 

5-9.  Using  CS-l,  command  5 and  hold  until  motor  con.es 

on.  As  soon  as  motor  reaches  speed  command  0 to 

shut  down.  (Note:  In  event  motor  will  not  respond  to  command 
6,  disconnect  DFS  battery  pack  to  prevent  damage). 

5-10.  Using  CS-l,  command  5 

ommand  9 and  insure  termination  sequence  sliuts  down  motor, 
ommand  5 and  insure  motor  cannot  be  re-started  after 
initiation  of  termination  sequence. 

5-11.  Disconnect  high  current  switch  from  DFS  battery  package. 
Disconnect  high  current  switch  from  control  cable. 

Reset  all  est  ov  circuit  breakers. 

Apply  Power  to  primary  and  back-up  packages. 

5-12.  Using  BCTS-3A  non- sequenced,  Command  2 
Indications: 

Valve  open  light-ON 

Valve  closed  light-OFF  when  dommand  depressed 
Valve  open  light-OFF 

Valve  closed  light-ON  when  command  released 

5-13.  Using  BCTS-3A  non-sequenced,  command  3 
Indications: 

Pour  ballast  light-ON  (OFF  when  CMD  released) 

5-14.  Using  BCIS-3A,  non-sequenced  command  1 
Indications: 

Valve  open  light-ON 
Valve  closed  light-OFF 
After  Approximately  32  seconds: 

Backup  separate  breaker-tripped 
Backup  separate  light-ON 
Blow  ballast  breaker-Tripped 
Blow  ballast  light-ON 
After  Approximately  64  seconds: 

Backup  separate  light-OFF 
Valve  open  light-OFF 
Valve  closed  light-ON 
Blow  ballast  light-OFF 

5-15.  Remove  power  from  primary  and  back-up  packages. 

5*16.  If  time  permits  repeat  Steps  5-3  thru  5-7  using  control 
center  transmitter. 
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5-17-  Connect  impact  circuit  test  box  between  J-39  and  J-310 

after  connecting  J-3k  to  primary  package.  Apply  power  to 
packages. 

Indication: 

Green  lamp  lights  indicating  squib  is  grounded. 

5-18.  Depress  switches  1 through  k (simulating  impact  switches). 
Indication: 

Should  have  no  effect. 

-wwwwvwvwvwv,  WARNING  wwwwim/iam/www, 

This  next  step  simulates  ascent  past 
antenna  drop  aneroid  altitude  and  it 
will  energize  the  antenna  drop  squib 
circuit. 

5-19.  Depress  arm  button  (momentarily) 

Indication: 

Amber  light  ON  momentarily  (Circuit  now  Armed) 

Green  light  remains  ON 


5-20.  Depress  any  switch  1 through  k (simulating  impact  switches) 
Indication: 

Will  trip  the  circuit  breaker  simulating  the  squib. 

Red  light-ON 
Green  light-OFF 

5-21.  Remove  power  from  primary  and  back-up  packages. 

Disconnect  impact  circuit  test  box. 

5-22.  Conduct  a valve  check  through  the  balloon.  Code . 

5-23.  Check  burst  pin  and  code . 

5- 2k . At  the  parachute  apex  perform  zero  voltage  and  zero  resistance 

checks  on  the  primary  separation  squib  port  

and  on  the  secondary  separation  squib  poi  t . 
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SECTION  SIX 

FINAL  PREPARATIONS 

6-1.  Set  or  verify  the  following  flight  data: 

Primary  package: 

SAMPLE  ON:  

SAMPLE  OFF:  

TERMINATE:  

SAFETY  SWITCH:  

Back-up  package: 

TERMINATE:  

6-2.  Check  all  cable  connections  in  primary  and  back-up  packages. 
Verify  all  components  secure  in  primary  and  back-up  packages. 
Verify  back-up  batteries  securely  connected  and  held  in  place. 
Verify  system  batteries  securely  connected  and  held  in  place. 
Check  all  cable  connections  and  associated  hardware  for 
security  on  complete  rack. 

Insure  rack  is  prepared  for  movement  to  flight  line. 

6-3.  Put  a new  paper  refill  in  the  printer 

6-4.  Verify  all  items  on  this  checklist  have  been  completed  and 
initialed  to  indicate  completeness. 

6-5.  Attach  ground  strap  between  instrumentation  frame 
and  gondola. 
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Appendix  F 

Flow  Rate  Program 

FI.  GENERAL 

This  program  produces  a dictionary  to  relate  flow  rates  to  every  code  combina- 
tion available  from  the  encoder.  It  has  no  input  per  se  because  the  relationship 
between  the  flow  rate  and  the  events  counted  by  the  data  counter  is  purely  mathe- 
matical and  is  generated  in  the  program. 

Fl.l  IRe  Algorithm 

The  counts  are  four  times  the  frequency  output  by  the  PR -3  flow  sensor  because 
the  frequency  is  doubled  and  sampled  for  two  seconds.  Therefore 

Count  = frequency  < second > sec  = events  X 4 . 

See  Reference  1,  Section  6.4  for  a block  diagram  and  Reference  14  for  its  imple- 
mentation. 


FI. 2 The  Output 

Sixteen  pages  of  tables,  256  words  per  page,  comprise  the  computer  output. 
Both  data  printers  (flight  and  ground)  record  the  twelve  bit  data  word  in  a four  letter 
code  where  each  letter  represents  three  bits.  Therefore,  should  the  flow  rate  be 
represented  by  SRKG,  the  speed  of  the  flow  sensor  is  43.  50  Hz.  This  figure  is  used 
with  the  sensor  calibration  to  ascertain  the  flow  rate  as  cubic  feet  per  minute. 
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A complete  copy  of  the  computer  program  follows.  The  dictionary  is  printed 
in  an  8 X 10-1/2  in.  format  to  facilitate  placement  in  a ring  binder.  It  is  valid  until 
the  sensor  or  encoder  is  changed. 
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Appendix  G 

Temperature  Program 

Gl.  GENERAL 

This  program  produces  a dictionary  to  convert  coded  data  to  degrees  Celsius. 

It  operates  on  the  number  of  counts  produced  in  two  sec  by  an  oscillator  whose 
frequency  is  a function  of  temperature. 

I 

Gl.l  The  Algorithm 

Since  the  thermistor  resistance  vs  temperature  is  a nonlinear  function,  an  nth 
order  polynomial  is  fit  to  the  data  over  a specified  interval  of  datum  points.  It 
was  determined  emperically  that  a fourth -order  equation  fit  over  four  points  works 
very  well.  The  order  and  interval  are  entered  on  data  card  1 which  preceeds  the 
temperature  data. 

G1.2  The  Output 

This  discussion  is  keyed  to  a typical  printout  which  is  photo  reduced  and  printed 
in  its  entirety  at  the  end  of  this  appendix.  Following  the  identifier  cover  sheet  are 
five  pages  of  computer  program.  The  comment  cards  explain  the  details  of  data 
entry.  After  the  memory  map  is  the  data  exactly  as  on  the  data  cards.  The  8 in 
column  1 of  the  last  card  is  a flag  which  says  there  are  no  more  data  sets  to  follow. 

This  flag  works  because  the  counts  are  entered  as  octal  numbers;  eights  and  nines 
do  not  exist  in  that  number  field.  The  next  page  is  the  program  documenting  how 
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you  told  it  to  process  the  data  and  how  many  datum  points  were  read.  Thirteen 
pages  of  dictionary,  formulated  to  fit  an  8 X 10-1/2  in.  binder,  follow.  The  program 
prints  full  pages  extrapolated  from  the  data.  Therefore,  this  dictionary  begins 
at  -80.  0°C  to  +20.  0°C.  An  error  table  showing  deviations  from  the  entered  datum 
points  concludes  the  requested  printout.  Negative  zeros  indicate  that  zero  was 
being  approached  from  the  negative  side  and  the  error  is  smaller  than  -0.  1°C. 

Date,  various  computer  times,  and  cost  are  documented  on  the  last  page.  This 
dictionary  is  valid  until  changes  are  made  in  the  encoder  or  thermistor. 

G1.3  111.-  Input 

The  count  of  events  occurring  during  the  two  sec  encoder  sample  period  which, 
is  the  program  input,  was  obtained  by  terminating  the  encoder  with  a simulated 
thermistor  and  recording  the  code  vs  temperature.  The  simulated  thermistor  was 
an  11  position  resistance  box  which  was  set  to  the  thermistor  resistance  ± 0.  1 per- 
cent for  each  of  the  11  temperatures  -80°C,  -70°C,  ....  +20°C.  The  count  was 
derived  from  the  code.  This  technique  was  used  to  check  the  accuracy  of  the  PR -3 
flowmeter  system  temperatures  and  is  documented  in  Reference  18. 
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Appendix  H 

Primary  Altitude  Program 


Ml.  GENERAL 

This  program  is  keyed  to  a B-60  altitude  sensor  (Reference  9)  when  used 
through  the  SCADS-2  encoder.  The  end  product  is  a dictionary  converting  an  alpha- 
code  to  altitude  in  thousands  of  feet  which  is  valid  for  at  least  18  months  if  no  change 
are  made  in  the  B-60  sensor.  A dictionary  is  needed  for  each  sensor;  changing 
encoders  will  not  affect  the  validity  of  the  program. 

II  1.1  Tire  Algorithm 

The  physics  of  the  sensor  is  such  that  the  period  of  the  output  is  directly  pro- 
portional to  pressure  which  decreases  exponentially  with  altitude.  Since  the  period 
is  multiplied  by  a frequency  in  the  encoder,  the  sensor-encoder  interaction  is 
defined  by  the  equation 

. B*  altitude 

count  = At 

where  count  is  the  number  of  events  registered  in  the  encoder  data  counter;  A and 
B are  constants;  and  altitude  is  in  feet.  The  signal  processing  is  covered  in  detail 
in  Reference  1 pages  468  and  469. 
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III..  Tfie  Iripcif 

Flach  B-60  sensor  is  calibrated  in  a vacuum  chamber  for  period  (msec)  vs 
altitude  (thousands  of  ft).  This  data,  the  frequency  with  which  the  period  will  be 
multiplied,  and  the  number  of  points  over  which  the  curve  is  to  be  fit  are  the 
required  input.  The  period  under  discussion  is  that  of  the  sensor  core  which  is  a 
blocking  oscillator  not  that  available  at  the  output  of  the  B-60  which  is  twice  the 
basic  period.  A flip  flop  doubles  the  period  to  facilitate  protecting  the  signal  while 
moving  it  from  the  B-60  to  the  encoder.  The  base  period  is  recovered  by  cali- 
brating the  B-60  in  ascending  and  descending  modes  then  dividing  by  four.  The 
two  multiplying  frequencies  are  obtained  from  Reference  14. 

H1.3  The  Output 

This  discussion  is  keyed  to  the  computer  printout  which  follows.  After  the 
cover  sheet,  program  list,  and  memory  map  is  the  frequency,  curve  fitting  interval, 
and  number  of  data  points.  The  next  page  starts  the  list  of  data  as  read  from  the 
cards.  It  is  preceeded  by  the  calculated  code  word.  Sixteen  pages  of  dictionary, 
suitable  to  be  entered  into  a 8 X 10-1/2  in.  ring  binder  follow  the  data.  Note  that 
the  unneeded  space  at  the  right  of  each  page  has  been  utilized  to  display  the  calcu- 
lated constants  used  to  calculate  that  row  of  code.  Cost  and  time  data  close  the 
printout. 

Since  the  program  calculates  an  altitude  for  every  code,  the  initial  codes  are 
filled  with  "altitudes”  which  are  below  sea  level.  These  negative  altitudes  are 
ignored;  the  dictionary  effectively  begins  at  code  SSKG  for  590  feet. 
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Appendix  I 

Backup  Altitude  Program 


II.  GENERAL 

This  program  is  written  to  produce  a code  vs  altitude  dictionary  for  a Rosemount 
type  altitude  sensor  calibrated  through  a voltage  to  frequency  (V-F)  converter. 

This  combination  will  be  used  as  a set  with  any  encoder;  the  serial  number  position 
on  the  dictionary  contains  the  serial  number  of  each  unit.  Usually  this  data  covers 
an  envelope  about  the  projected  float  altitude  or  about  several  float  altitudes,  de- 
pending upon  the  pressure  range  of  the  sensor. 

11. 1 Hie  Algorithm 

Rosemount  type  sensors  are  non-linear  with  respect  to  pressure  so  it  is  not 
possible  to  fit  them  to  a simple  exponential  as  the  B-60  was  fit.  Instead,  the  data 
is  fit  to  a general  nth  order  equation  over  a selectable  number  of  points.  Numerous 
data  runs  have  established  that  a fourth  order  equation  fit  over  four  to  six  points 
works  well. 

11.2  Hie  Input 

The  first  data  card  contains  n for  the  order  of  the  equation,  the  interval,  serial 
numbers  and  data.  Remaining  cards  hold  one  data  point  each;  period  msec  vs  alti- 
tude in  thousands  of  ft.  Like  the  preceeding  two  programs,  more  than  one  set  of 
data  can  be  entered  at  one  time.  The  last  data  card  in  a set  is  used  as  a flag  to 
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inform  the  program  if  more  data  sets  follow.  Negative  numbers  are  used  as  flags 
because  they  cannot  be  mistaken  for  an  altitude.  The  program  which  follows  was 
run  with  two  sets  of  data  as  an  example. 

11.3  The  Output 

After  the  identifying  cover  sheet,  program,  and  memory  map;  contents  of  data 
card  1 are  printed  plus  the  count  of  the  remaining  cards  in  that  set.  Next  is  the 
dictionary  52  kft  to  105  kft  followed  by  the  input  data  and  error  calculations.  Note 
that  the  data  covered  60  kft  to  100  kft  for  the  nominal  float  altitudes  of  70,  80,  and 
90  kft.  The  program  automatically  fills  the  pages  begun  to  cover  the  input  data. 

A second  dictionary  follows;  the  format  is  similar.  Data  covering  60  to  100  kft 
produced  a dictionary  for  50  to  106  kft.  Comparing  the  headings  for  the  two 
dictionaries  shows  that  two  sensors  (serial  numbers  148  and  149)  were  calibrated 
through  V -F  converter  (serial  No.  03)  on  2 November  197  6. 
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Appendix  J 

Environmental  Chamber  Tests  of  PR-3  Flow  Rate  Sensors 

Jl.  THE  TEST 

As  noted  in  the  text,  this  test  was  conducted  to  examine  the  interaction  of  the 
PR -3  flow  sensor  when  used  with  the  encoder  designed  to  replace  the  PR -3  elec- 
tronics. The  usual  PR -3  calibration  system  was  set  up.  This  system  utilizes  a 
Perkin  0-50  V,  0-20  A power  supply  to  run  the  PRFTs.  The  magnetic  tachometer 
in  each  PR  FT  was  monitored  by  a General  Radio  1192 -B  frequency  counter  and 
occasionally  an  oscilloscope.  A PR -3  flow  sensor  was  attached  to  each  PRFT.  The 
procedure  used  was  as  follows.  First,  the  PR -3  flow  sensor  was  connected  to  the 
PR -3  data  recorder  and  calibrated  at  the  proper  pressure  altitude.  Next  the  PR -3 
flow  sensor  was  connected  to  the  new  instrumentation  and  its  indicated  frequency 
recorded.  The  information  about  the  reed  characteristic  and  the  flow  data  channels 
was  very  informative.  The  test  results  are  listed  in  the  next  section. 

Jl.l  Test  Findings 

Three  separate  points  were  surfaced  by  the  test: 

(1)  Both  data  encoder  flow  channels  tested  reacted  the  same  way  to  any  indi- 
vidual reed.  This  should  have  been  the  case  because  all  the  circuits  were  built  with 
similar  components;  5 percent  resistors  and  10  percent  capacitors. 
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(2)  The  amount  of  contact  bounce  varied  greatly  from  reed  to  reed.  Of  four 
PR -3  flow  sensors  checked,  one  (SN35)  interfaced  perfectly  with  the  data  encoder 
and  produced  accurate  data  with  the  PR  FT  turning  at  60  Hz.  However,  the  other 
three  PR -3  flow  sensors  (SN's  58,  65,  and  86)  all  produced  data  that  was  well  above 
the  correct  value  of  frequency.  The  recorded  frequency  exceeded  the  control  fre- 
quency by  23.7  percent,  35.2  percent,  and  42.  0 percent  respectively  at  60  Hz  on 
the  PRFT.  It  is  logical  for  the  data  to  be  in  error  by  having  too  high  a value  be- 
cause if  the  effects  of  reed  contact  bounce  are  not  eliminated  prior  to  counting  the 
data  pulses,  the  pulses  caused  by  the  contact  bounce  will  be  counted  as  data  pulses. 
The  varying  error  for  each  reed  demonstrates  that  the  reeds  have  different  amounts 
of  contact  bounce  at  the  same  frequency.  Also,  two  of  the  four  sensors  produced 
data  with  standard  deviations  less  than  1.00  while  two  (SN's  58  and  86)  produced 
data  with  standard  deviations  greater  than  4.00.  All  these  sensors  were  checked 
on  two  identical  circuits  with  the  same  results.  This  further  demonstrates  that,  at 
the  same  frequency,  there  is  a wide  range  of  bounce  characteristics  for  the  reeds 
and,  that  the  reed  which  was  chosen  by  Litton  Industries  for  use  in  the  PR -3  Cali- 
bration Unit  is  not  truly  representative  of  the  reeds  used  in  the  PR -3  flow  sensors. 

(3)  The  contact  bounce  characteristic  of  each  reed  varies  with  frequency.  Two 
reeds  were  each  checked  at  three  flow  rates  (60,  75,  and  90  Hz)  and  although  both 
reeds  produced  high  frequency  readings  when  working  into  the  data  encoder  the 
percentage  of  error  between  the  reeds  and  the  PRFT  was  very  significantly  different 
for  each  flow  rate. 

Even  the  direction  of  change  in  the  percentage  error  was  different.  See  Table  Jl. 


Table  Jl.  Flow  Rate  Errors 


Frequency 

Error  (SN58) 

Error  (SN65) 

(Hz) 

Percent 

Percent 

60 

23.7 

35.  2 

75 

18.7 

41.  0 

90 

38.9 

46.0 

This  characteristic  does  not  effect  the  PR -3  data  recorders  because  of  the 
circuit  they  use  to  monitor  the  reeds  and,  it  does  not  now  effect  the  new  data  en- 
coder either.  However,  it  is  important  to  document  the  bounce  characteristics  of 
this  critical  part  of  the  system. 
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JI.2  \ Solution 

The  solution  to  the  variation  in  reed  characteristics  was  achieved  at  the  environ- 
mental chamber,  I'sing  the  previously  described  test  set  up  the  encoder  flow  data 
channel  was  examined  with  an  oscilloscope  while  a particularly  "bouncy"  reed  was 
beins  driven  in  the  chamber.  It  was  noted  that  when  the  flow  data  channel  (see 
Figure  J 1 > was  switched  into  the  main  part  of  the  encoder  the  current  drawn  by  the 
transistor  in  the  level  shifting  amplifier  loaded  the  contact  bounce  smoothing 
circuit.  This  allowed  the  contact  bounce  to  be  amplified  and  enter  the  data  counting 
circuit.  The  addition  of  a current  limiting  resistor  into  the  transistor's  base  cir- 
cuit reduced  the  loading  of  the  preceeding  stage  and  eliminated  the  effect  of  the 
contact  bounce  on  the  flow  data.  Corroborative  data  is  in  Table  .12, 

Note  that  two  of  the  units  (SX's  58  and  86)  used  in  the  test  previously  produced 
data  with  a standard  deviation  greater  than  4.  0 but  now  produced  data  with  a much 
more  acceptable  spread. 


CONTACT  BOUNCE 
SMOOTHING  CIRCUIT 

1 OF  6 LEVEL  SHIFTING  AMPLIFIER 


Figure  Jl.  Typical  Flow  Hate  Sensor  Monitoring  Circuit 


Table  J2.  Test  Results 


Flow  Sensor 

Control* 

*Data 

SN 

PR  FT 

PR  -3** 

Fncoder 

Standard 

Deviation 

35 

60 

— 

57.0 

0.  524 

86 

60 

... 

54.  7 

0.  285 

65 

60 

54 

54.  1 

0.  300 

58 

61 

55 

56.  3 

0.  409 

58 

90 

88 

89.  1 

0.  401 

* Units  are  Hertz. 

**This  is  the  PR -3  data  recorder 
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Appendix  K 

Electrical  Detonation  of  Primary  and  Secondary 
Separation  Squibs 


Kl.  GENERAL 

The  following  information  appeared  as  a Memo  for  Record,  dated  1 May  1975. 
K2.  BACKGROUND 

The  primary  and  secondary  separation  squibs  activated  the  primary  and  backup 
tenney  release  devices  which  are  used  to  separate  the  parachute  and  its  suspended 
load  from  the  balloon  bottom  end  fitting.  Each  squib  is  controlled  by  a completely 
independent  system.  Each  system  contains  the  wires  to  the  squib,  radio  command 
or  timer  activated  controller  and,  batteries.  The  only  common  point  between  the 
squibs  is  the  electrical  "ground".  This  "ground"  is  obviously  not  earth  ground  but 
a common  point  of  reference  arrived  at  by  definition  and  utilized  for  batteries 
supplying  either  positive  or  negative  voltage  to  various  equipment.  In  this  case 
(the  Project  Ash  Can  System),  the  primary  separation  squib  is  activated  by  +24  V 
and  the  secondary  separation  squib  is  activated  by  +12  V. 

On  several  past  flights  the  recovery  crews  have  noted  that  only  the  secondary 
tenney  device  remained  on  the  parachute  apex  with  its  squib  detonated  resulting  in 
the  loss  of  the  primary  separation  tenney.  On  3 April  197  5 after  the  instrumenta- 
tion checks  for  H75-23/H57  were  completed  I decided  to  examine  this  situation  by 
setting  up  the  system  on  the  ground.  The  primary  and  secondary  instrumentation 


A 
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was  set  up  with  all  their  interconnecting  cables.  Power  supplies  were  substituted 
for  the  batteries.  A 63 -ft  diam  parachute  (SN  2022)  with  its  control  cable  was 
connected  to  the  primary  control  cable  which  is  equivalent  to  what  is  commonly 
referred  to  as  a "bar  cable.  " Two  tenney  separation  devices  were  attached  to  the 
proper  connectors  at  the  parachute  apex. 

These  tenney  devices  were  secured  from  LCD  C&I.  They  were  requested  with 
the  instructions  that  the  preparation  should  be  the  same  as  that  for  an  active  flight 
except  that  one  squib  per  device  was  adequate.  Prior  to  attaching  the  devices  to  the 
parachute  cable  it  was  noted  that  on  each  device  the  dark  blue  wire  was  attached  to 
the  body  of  the  device  for  a "ground"'  connection.  This  is  the  normal  procedure 
at  LCD. 

The  parachute  and  its  cable  were  run  out  of  the  building  and  the  two  tenney 
devices  were  covered  with  a heavy  steel  can  to  avoid  injury  or  damage  and  to  deaden 
the  noise.  Power  was  applied  to  the  instrumentation  and  primary  termination  was 
commanded.  Both  squibs,  one  in  each  device,  detonated.  When  the  connectors  on 
the  tenney  devices  were  opened  and  the  wiring  inspected,  it  was  determined  that 
each  connector  was  wired  backwards.  Pin  A is  normally  "ground"  and  pin  B is 
normally  "grounded"  then  switched  to  a positive  potential  via  a relay.  Pin  A should 
receive  the  dark  blue  wires  and  pin  B should  receive  the  light  green  wires  from  the 
squibs.  These  were  reversed.  Therefore,  when  power  was  applied  to  the  wires  at 
the  instrumentation  there  was  a "short-circuit"  at  the  tenney  where  it  was  connected 
to  the  "ground"  side  of  the  cable.  When  the  tenney  release  devices  were  rearmed 
with  properly  wired  squibs  and  the  experiment  rerun  the  results  were  as  expected; 
that  is,  the  primary  squib  detonated  and  did  not  effect  the  secondary  squib  which 
was  then  detonated  through  the  backup  controller. 

On  flight  H75-25/H-59,  when  both  tenney  devices  were  wired  correctly,  the 
primary  tenney  was  not  found  with  the  parachute  and  the  backup  was  fired. 

K3.  MODEL  OF  SQlilBS  AISD  CABLES 

The  preceding  events  precipitated  an  investigation  into  the  paths  available  for 
current  supplied  by  either  of  the  control  systems.  The  squib  detonating  arrange- 
ment is  shown  in  Figure  Kl.  The  left  side  of  the  drawing  represents  the  end  of  the 
cable  where  it  terminates  in  the  two  controllers.  The  right  side  of  the  drawing 
contains  the  two  tenney  release  devices  and  their  squibs;  R . The  resistors  R 

S Cl 

represent  the  distributed  resistance  of  all  the  wires  and  cables  between  the  squib 
firing  relay  and  the  squibs  plus  the  contact  resistance  of  all  the  connector  pins 
between  the  various  cables.  The  resistor  R^  represents  the  contact  resistance  of 
the  surfaces  of  the  two  tenney  devices  and  their  connecting  clevis. 
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TENNEY  RELEASE 


Rc  CONTACT  Sis 
Rd  DISTRIBUTED  Sis  OF  CABLE 
Rs  SQUIB  Sis 

_L  SYSTEM  GROUND 

Figure  Kl.  Model  of  Primary  and  Secondary  Release  Devices 

K4.  CALCULATION  OF  RESISTANCE  V ALUES 

The  resistance  of  one  DuPont  S-68  squib  is  1.37  Q.  Usually  two  are  used 

in  parallel  which  reduced  the  resistance  to  0.  685  fi.  For  the  purposes  of  this 

analysis  these  values  were  averaged  to  facilitate  the  computations.  Therefore 

R *i.on. 
s 

The  distributed  resistance  of  the  cables  (Rd>,  was  based  on  a 63 -ft  diam  para- 
chute, The  handbook  notes  that  15  in.  of  cable  will  be  snaked  into  each  12  in.  of 
parachute  length.  This  is  a ratio  of  1.25;1  but  my  experience  indicates  that  a ratio 
of  1.5:1  is  closer  to  what  is  actually  used.  Since  this  parachute  is  90  ft  long  it 
would  require  about  135  ft  of  cable  to  reach  from  the  apex  to  the  confluence  point. 
The  135  ft  of  parachute  cable  is  A.W.  G.  No.  16  which  results  in  a resistance  of 
0.553  SI.  The  cables  in  the  instrumentation  packages  are  about  15  ft  long  and 
are  constructed  of  A.  VV.  G.  No.  20  wire.  Their  resistance  is  therefore  about 
0.  155  S2.  The  contact  resistance  of  the  connectors  used  in  the  cables  is  about 
0.  003  S2  per  pin  pair.  Their  combined  resistance  is  about  0. 015S2.  Therefore 
^d  0*553.  0.  155,  and  0,015  S2.  To  simplify  the  calculations  let's  say 

Rfj  ~ 3/4  fi. 

The  resistance  is  an  unknown.  Depending  on  the  cleanliness  of  the  two 
tenney  devices  and  their  connecting  clevis,  it  can  vary  from  about  0 n to  numbers 
large  enough  to  be  considered  infinite. 
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k.4.1  Case  I:  liulh  ('.<»iiiieetors  Wired  Correetlv 


Let's  assume  that  the  circuit  is  as  represented  in  the  sketch.  Points  A,  A', 

B and  B1  are  pins  in  the  MS  series  connector  at  the  parachute  apex.  The  primed 
set  is  used  to  designate  the  connector  to  the  backup  tenney  device.  The  connectors 
are  wired  the  same  and  correctly:  pin  A on  each  connector  is  connected  to  the  side 
of  the  wire  pair  which  is  always  connected  to  system  ground.  This  is  point  K for 
the  primary  tenney  squib  and  point  M for  the  secondary  tenney  squib.  Also,  each 
pin  A is  used  to  "ground”  its  tenney  device.  Each  wire  which  is  switched  to  a 
positive  potential  to  detonate  the  appropriate  squib  is  normally  grounded  through 
the  relay's  normally  closed  contact.  This  is  for  protection  against  static  charges. 

Let's  examine  the  case  where  R^  is  so  large  that  there  is  no  interaction  between 
the  two  circuits  and  the  primary  termination  mode  is  activated.  The  three  resistors 
around  the  circuit  JBAK  run  to  2.  5 12  so  when  the  wire  attached  to  point  J is 
switched  to  +24  V a current  of  9.  6 A flows  until  the  squib  detonates.  A current  of 
this  magnitude  flowing  from  J to  K will  cause  a voltage  7.  2 V to  appear  across  the 
R^  between  A and  K.  Therefore  point  A and  the  primary  tenney  device  are  at 
+7.  2 V until  the  squib  detonates.  At  that  time  the  point  A returns  to  ground  poten- 
tial because  no  current  if  flowing.  And,  point  B is  a +24  V until  the  primary  ter- 
mination sequencer  returns  -the  relay  to  which  point  J is  connected  to  its  relaxed 
state.  Then,  point  B is  returned  to  ground  potential.  Two  points  must  be  noted. 
First,  Rc  was  assumed  to  be  so  large  that  the  secondary  termination  circuit  did 
not  enter  into  the  analysis.  Second,  point  A which  is  commonly  referred  to  as 
"ground”  is  obviously  not  "ground”  and  when  there  is  a current  in  the  circuit  the 
"ground”  strap  surely  does  not  keep  the  primary  tenney  device  at  (system!  ground 
potential. 

Now  let's  examine  the  case  where  R^  approaches  0 12  and  the  primary 
termination  mode  is  activated.  Starting  at  joint  J,  R^  and  Rg  are  still  in  series, 
but  these  two  resistances  are  in  series  with  the  parallel  combination  of  (1)  the  return 
Rd  between  A and  K;  (2)  the  return  R^  between  A'  and  M and;  (3)  the  series  combina- 
tion of  Rg  and  R^  between  A’  and  L.  (Don’t  forget  that  Tp  = Ofi.)  This  parallel 
combination  results  in  an  effective  resistance  of  0.31  12  from  point  A (or  A')  to 
ground.  The  series  resistance  from  point  J to  ground  is  now  the  R^  between  J and 
B plus  Rg  plus  the  effective  resistance  of  0.31  12.  This  is  a resistance  of  2.06  12 
which  will  result  in  a current  of  11.65  A when  J is  switched  to  +24  V.  This 
current  will  cause  a potential  of  about  3.6  V (=  11.  65  A X 0.  3 1 12)  at  point  A. 

When  the  current  which  is  producing  this  voltage  splits  in  the  current  divider 
formed  by  the  parallel  resistance,  2.06  A (=  3.  6 V/ 1.75  12)  will  flow  through  the  leg 
containing  the  Rg  and  R^  between  A'  and  L.  The  backup  squib  represented  by  Rg 
will  definitely  fire.  Several  points  must  be  noted.  First,  for  these  calculations 
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Rc  is  0 12.  Second,  depending  on  the  speed  of  the  squib  detonations  the  instrumenta- 
tion fuses  may  or  may  not  blow.  Third,  even  though  everything  was  "correct”  the 
primary  tenney  device  will  be  lost. 

In  real  life,  the  probability  of  R^  being  either  0 SI  or  infinite  ohms  is  just  about 
zero.  However,  it  probably  could  get  very  close  to  0 12.  The  point  is  that  if  the 
results  of  the  two  extremes  are  known,  then  it  stands  to  reason  that  some  value  of 
R^  exists  which  is  the  exact  point  where  the  "approximate  all  fire  current"  for  the 
backup  squibisl  represented  by  Rg  will  be  present.  If  Rp  is  larger,  the  squib(s) 
will  not  detonate;  if  R c is  smaller,  the  squib(s)  will  detonate.  To  get  a feel  for 
this  value  of  let  all  resistances  be  1 12  and  let  the  "approximate  all  fire  current" 
be  0.  6 A for  one  S-68  squib.  Then,  R^  = 3-1/9  12. 

K4.2  Cue  2:  lioth  Connector*  Wired  Incorrectly 

It  is  of  academic  interest  to  examine  the  case  of  both  tenney  release  device 
squibs  wired  backwards.  The  only  change  in  the  sketch  is  to  remove  the  "ground" 
strap  from  point  A to  the  tenney  device  and  place  it  from  point  B to  the  device. 

Let's  assume  that  R^  is  extremely  large.  As  before  the  current  is  9.  6 A and 
point  B attains  a potential  of  16.  8 V but  the  tenney  device  is  attached  to  point  B so 
it  is  at  16.8  V,  then  24  V until  the  squib  detonates  and  the  relay  returns  to  its 
relaxed  state.  The  backup  squib  if  unaffected. 

The  next  example  is  when  Rc  is  0 12.  Using  the  same  reasoning  as  before, 
the  total  resistance  is  R^  between  J and  B plus  the  parallel  combination  of 
the  three  legs.  This  is  (0.75  12  + 0.40  (7)  =)  1.  15  12  , The  current  through 
point  J when  it  is  switched  to  +24  V is  then  (24  V/l.  15  12=)  20.9  A.  This  current 
results  in  8.  3 V on  point  B and  4.  8 A through  the  backup  squib.  Both  squibs 
will  detonate.  The  circuit  path  then  changes  to  a loop  comprising  points  JBB'L. 
Each  R^  is  3/4  17  and  Rc  is  0 12.  The  loop  current  is  therefore  16  A.  If  the 
initial  20.  9 A surge  did  not  blow  the  fuse  in  series  with  the  24  V supply,  then 
the  16  A steady  state  current  will  surely  blow  the  fuse.  This  was  verified  by  the 

experiment  which  was  recorded  above.  The  value  of  R for  which  the  exact  value 

c 

of  "approximate  all  fire  current"  is  present  is  7.56  17. 

K4.3  Ollier  Cases 

Since  the  circuit  used  to  model  the  two  methods  of  separating  the  parachute 
from  the  balloon  is  symmetrical,  the  analysis  presented  above  is  valid  for  the 
similar  case  of  backup  termination  being  enacted  while  the  primary  termination 
system  is  not  operating.  However,  all  current  and  voltage  values  will  be  half  those 
stated  above. 


245 


Also,  it  could  be  assumed  that  the  primary  device  was  wired  correctly  as  the 
backup  device  was  wired  incorrectly  or  that  the  reverse  situation  was  applicable. 
However,  I don't  feel  that  these  cases  would  occur  because  the  same  person  will 
probably  wire  both  tenney  devices.  Therefore,  they  will  not  be  examined. 

K5.  CONCLUSION 

The  above  analysis  was  undertaken  with  the  belief  that  incorrectly  wiring  both 

tenney  device  connectors  would  result  in  the  detonation  of  the  squibs  in  both  the 

primary  and  backup  tenney  devices.  It  has  been  shown  that  both  devices  will  usually 

be  activated  upon  activation  of  primary  termination  regardless  of  how  they  are 

wired  if  R is  of  sufficiently  low  value.  The  larger  currents  and  higher  value  for 
c 

the  limiting  case  of  R^  noted  in  Case  2,  increase  the  probability  of  detonating  the 
backup  squib  if  the  tenney  devices  are  incorrectly  wired. 

K6.  CORRELATION  W ITH  FLIGHT  DATA 

The  system  on  which  this  analysis  is  based  is  the  new  LCC  backup  controller 
and  primary  controller.  This  combination  has  been  flown  five  times  (H7  4 -6 1 / H-53X, 
H74-65/H-54X,  H74 -66/ H-55X,  H7 5-23/ H-57,  and  H7 5-25/ H-59).  Both  tenney 
devices  had  been  activated  on  four  of  the  five  flights.  Only  on  H75-23/H-57  did  the 
recovery  crew  find  the  primary  tenney  device  near  the  parachute.  This  simultan- 
eous firing  of  squibs  did  riot  occur  on  earlier  flights  because  the  Ash  Can  Backup 
Package  (see  Ash  Can  Handbook  Part  II  Attachment  10)  does  not  keep  the  "hot"  line 
to  the  squib  normally  grounded.  Also,  the  Range  Package  II  (See  handbook  page  4!) 
does  not  keep  the  backup  tenney  device  squib  normally  grounded. 

K7.  A SOLUTION 

The  interaction  between  the  two  circuits  can  be  eliminated  by  making  value  of 
R very  large.  This  can  be  accomplished  in  real  life  by  inserting  a standard  10K 
pound  test  nylon  loop  between  the  two  tenneys.  Another  clevis  may  be  used  with 
the  loop  to  keep  the  angular  relationships  of  the  two  sets  of  squib  leads  the  same  as 
that  flown  at  present.  This  additional  loop  will  necessitate  moving  the  parachute 
cable  upward  to  enable  the  connector  to  reach  the  primary  tenney  device. 
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8.  RECOMMENDATIONS 


The  above  solution  should  be  implemented  on  future  Ash  Can  flights  using  the 
new  electronics  system.  A copy  of  this  memo  should  be  placed  in  flight  folders  for 
the  above  listed  flights. 


